Immuunglobuline A en immuunglobuline A deficiëntie: metabole, klinische en immunogenetische aspecten by Nadorp, J.H.S.M.
PDF hosted at the Radboud Repository of the Radboud University
Nijmegen
 
 
 
 
The following full text is a publisher's version.
 
 
For additional information about this publication click this link.
http://hdl.handle.net/2066/147643
 
 
 
Please be advised that this information was generated on 2017-12-05 and may be subject to
change.
IMMUUNGLOBULINE A EN IMMUUNGLOBULINE A DEFICIËNTIE 
metabole, klinische en immunogenetische aspecten 
J. H. S. M. NADORP 

THE PRIMARY STRUCTURE OF BOVINE a-CRYSTALLIN 
PROMOTOR; PROF. DR. H. BLOEMENDAL 
CO-REFERENT: DR. W. W. W. DE JONG 
THE PRIMARY STRUCTURE OF BOVINE a-CRYSTALLIN 
P R O E F S C H R I F T 
TER VERKRIJGING VAN DE GRAAD VAN DOCTOR 
IN DE WISKUNDE EN NATUURWETENSCHAPPEN 
AAN DE KATHOLIEKE UNIVERSITEIT TE NIJMEGEN, 
OP GEZAG VAN DE RECTOR MAGNIFICUS, 
PROF.MR.F.J.F.M. DUYNSTEE, 
VOLGENS BESLUIT VAN HET COLLEGE VAN DECANEN 
IN HET OPENBAAR TE VERDEDIGEN 
OP DONDERDAG 10 OKTOBER 1974 
DES NAMIDDAGS TE 4 UUR 
DOOR 
FRANCISCUS JOHANNES GERRIT VAN DER OUDERAA 
GEBOREN TE 's-GRAVENHAGE 
1 9 7 4 
DRUK: KRIPS REPRO MEPPEL 

Aan mijn ouders 
Aan Mariette 
Bij het gereedkomen van dit proefschrift gaat mijn dankbaarheid uit naar ieder­
een, die heeft bijgedragen tot de totstandkoming ervan. In het bijzonder wil' 
ik bedanken Marlies Versteeg, voor de talloze aminozuuranalyses. Ans Hilderink 
voor haar hulp tijdens de volgordebepaling van de oBp keten, Annemie Maas voor 
haar assistentie in het begin van het onderzoek en G. Groenewoud voor techni­
sche hulp. 
Ik ben de heren G. Groenendijk en C. Ottenheym, die in het kader van hun 
doctoraalstage deelnamen aan het onderzoek, erkentelijk voor hun aandeel. 
De medewerkers van glasinstrumentmakerij en de instrumentmakerij dank ik 
voor hun competente hulp. Dank is ook verschuldigd aan de heer H.M. Berris van 
de Medische Tekenkamer en de medewerkers van Medische Fotografie voor hun aan­
deel in dit proefschrift. 
Mevrouw Helga Westerhout ben ik bijzonder dankbaar voor het typen van het 
manuscript. 
Thanks are due to Dr. С. Liebecq (editor-in-chief of the European Journal 
of Biochemistry), Springer Verlag, Academic Press and Reidel Publishing Co. 
for their permission to reproduce papers from the European Journal of Bioche­
mistry (chapter 3 and 6), Biochemical Biophysical Research Communications 
(chapter 4) and Molecular Biology Reports (chapter 5), respectively. 
This work was carried out partly under the auspices of the Netherlands Foun­
dation for Chemical Research (SON) and with financial aid from the Netherlands 
Organization for the Advancement of Pure Research (ZWO). 
Chapter 1: 
INTRODUCTION 
C O N T E N T S 
9 
Chapter 2: 
RECENT DEVELOPMENTS IN PRIMARY STRUCTURE DETERMINATION . . . . 13 
Chapter 3: 
THE AMINO ACID SEQUENCE OF THE aA2 CHAIN OF BOVINE a-CRYSTAL-
LIN 19 
Chapter 4: 
SEQUENCE OF THE. FIRST 68 RESIDUES OF THE oB2 CHAIN OF BOVINE 
a-CRYSTALLIN 35 
Chapter 5: 
THE MOLECULAR WEIGHT OF THE BASIC POLYPEPTIDE CHAIN aB2 OF 
a-CRYSTALLIN 43 
Chapter 6: 
THE AMINO ACID SEQUENCE OF THE aB2 CHAIN OF BOVINE a-CRYSTAL-
LIN 47 
Sutmary 68 
Samenvatting 69 
Curriculum vitae 70 
7 

CHAPTER 1 
INTRODUCTION 
The vertebrate eye lens is studied by biochemists mainly from two points of 
view. First, a number of workers is interested in structural aspects of the 
lens in relation to its specific function in the eye. Second, others investi­
gate the lens as a model system for molecular biological processes since this 
organ is very attractive for the study of protein biosynthesis, cellular dif­
ferentiation and aging (1, 2, 3). 
The lens is an isolated, highly differentiated tissue surrounded by a cap­
sule. It consists of an epithelial monolayer, a zone of cellular elongation and 
an inner package of fibre cells. The epithelial cells on the anterior side of 
the organ, the region with the highest mitotic activity, are differentiating 
into fibre cells during their movement to the equatorial region (4). These 
cells elongate with a concomittant large increase in volume of the cell and of 
protein synthesis. Fibre cells represent the ultimate stage of cellular diffe­
rentiation (5). 
Compared to most other tissues the protein concentration in the lens is very 
high. Lens cortex contains approximately 35% protein and the lens nucleus more 
than 70% protein on a wet weight basis (6). The major part of the lens proteins 
is formed by a group of water-soluble structural proteins, called crystal lins, 
which are classified as α, β and γ-crystallins (7). 
The individual crystal lins are composed of a number of components differing 
in charge and molecular weight. Alpha and 3-crystallin have been reported to be 
aggregates of polypeptide chains (8, 9). These aggregates were demonstrated to 
be held together by non-covalent bonds which can be dissociated by agents such 
as guanidinium hydrochloride, urea and sodium dodecylsulfate. The γ-crystallins 
have a relatively low content of non-polar groups and consequently do not tend 
to aggregate. The amino acid sequence of γ-crystallin fraction II has recently 
been described by Croft (10). 
Until now characterization of 3 crystallins was hampered by the obvious com­
plexity and heterogeneity of this group of proteins. The purification of the 
predominant β polypeptide chain βΒρ has recently been accomplished (11). 
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Alpha crystal!i η makes up more than 30% of the soluble lens proteins (12). 
Studies on α crystallin were highly facilitated by the observation that elec­
trophoresis of this protein on acrylamide gels containing 6 M urea at alkaline 
pH results in only four bands (13). Acrylamide gel electrophoresis in the pre­
sence of sodium dodecylsulfate yielded only two zones (14). These experiments 
suggested that a-crystallin is composed of two types of polypeptides, both oc­
curring in two electrophoretic forms. The four polypeptide chains from calf 
cortex extract are designated as aA,, aAj, aB, and o ^ , where A stands for 
acidic, В for basic. Molecular weights of the polypeptide chains, although for 
some time a matter of disagreement were finally established around 20,000 (15, 
16, 17). 
The a-crystallin aggregates have varying sedimentation coefficients from 
17-24S. Recently even higher molecular weight aggregates with the same poly­
peptide composition have been reported (18). The quantity of these large aggre­
gates increases in the older layers of the lens and reaches a maximum in the 
nuclear region (19). 
It has been demonstrated that calcium ions can selectively induce aggrega­
tion of a-crystallin to very high molecular weights (50.10 ). Since calcium 
levels are increased in same types of cataract, the question has been raised 
whether the light-scattering produced in solution by these very high molecular 
weight aggregates, is related to the opacity of the cataractous lens (20). 
Biosynthesis of the aA2 and aB^ chains in vitro by 14S and 10S messenger 
RNA,respectively,isolated from calf lenses has been described (1). The aA, 
chain and presumably also the aB, chain are not synthesized under direction of 
specific messengers, but are thought to be derived from the аАр and aB- chains 
by deamidation processes (21). Moreover it has been shown that aA, is absent 
in embryonic lenses (22). 
Lens cortex is highly specialized for a-crystallin synthesis since 75% of 
the newly synthesized protein in the adult cells is a-crystallin (5). During 
differentiation from the epithelial cells into fibre cells the stoichiometry 
of assembly of aA- and aB 2 polypeptide chains into the aggregate is shifted 
from a ratio of 2 : 1 in the epithelial cells to 3 : 1 in the fibre cells. Con­
sequently the proportion of acidic polypeptide chains is higher in the fibre 
cells (23). 
Si nee .during development,the lens fibre cells are layed down layer upon 
layer, the cellular history is preserved in the nuclear region of the lens 
due to the fact that the proteolysis is low. This implicates that the proteins 
of the fibre cell layers might be suitable for the study of aging. 
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Deamidation of proteins has been proposed to be a general aspect of aging 
(24). Therefore the observed deamidation of αΑρ and i ^ might also be an aging 
phenomenon. Moreover trace amounts of oA-like chains have been isolated in 
which distinct parts of the C-terminal sequence are lacking (25, 26). It is 
not yet clear whether this shortening of chains represents another aspect of 
aging. 
The primary structure of the aA- chain from vertebrate lenses is a useful 
tool for evolutionary studies. Recently sequences of the soluble tryptic pep­
tides of oiA2 of pig, rabbit and dog were compared with the sequence of calf 
oAj, demonstrating a slow rate of amino acid substitutions in the αΑρ chain as 
compared to other proteins. This observation indicates that phylogenetic stu­
dies of oAp might give relevant information on the relationship between more 
distantly related taxa within the vertebrate subphylum (27). 
The aim of the present studies was the elucidation of the primary structure 
of the two major α-crystal lin polypeptide chains o ^ and 062· The next chapter 
outlines recent developments in the field of primary structure determination. 
Chapters 3, 4 and 5 are dealing with the primary structure of 0 ^ , part of the 
structure of 082 and the molecular weight of aBg, respectively. In chapter 6 
the complete sequence of aB- chain is presented. Besides, in the latter chap­
ter the structures of aA- and aB- are compared and their homology is discussed. 
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CHAPTER 2 
RECENT DEVELOPMENTS IN PRIMARY STRUCTURE DETERMINATION 
Some excellent up-to-date reviews and manuals in the field of protein se-
quencing have become available (1, 2, 3, 4). A general introduction into the 
strategy and the methodology of primary structure determination is therefore 
omitted in this thesis. We only want to emphasize and outline some important 
aspects. 
A significant progress has been the development of the Edman and Begg se-
quenator (5), which was designed to enable large scale N-terminal sequence de-
termination of peptides and proteins in an automized way. After the introduc-
tion of the commercial version of this apparatus, the expected exponential 
growth of the number of protein sequences has not yet started. The reason might 
be that an automatic sequenator only partially diminishes the work involved in 
the elucidation of a primary structure. Laborious procedures such as protein 
isolation and peptide purification still cannot be circumvented. Moreover the 
switch from a manual approach to automized procedures requires a modified stra-
tegy. 
First a decision has to be made concerning the choice and isolation proce-
dure of the protein, where size, availability and character of the protein may 
appear to be limiting factors. If one is able to isolate gram-amounts of a pro-
tein consisting of about 200-300 amino acid residues, still an extremely hydro-
phobic character of certain parts of the protein may induce severe problems 
during the elucidation of the structure (6). Such a hydrophobicity may serious-
ly interfere with enzymic digestion or result in formation of highly insoluble 
peptides (the so-called core). 
Fragmentation procedures 
When eventually a promising protein is selected, the available sequence 
methods (e.g. Dansyl-Edman (7), manual Edman (8, 9 ) , subtractive (10)»sequena-
tor (5)) determine the length of the peptides to be produced. The sequenator 
demands, for instance, large hydrophilic fragments, the manual methods appear 
to be more effective for shorter peptides. Unfortunately a rather restricted 
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number of fragmentation procedures is available. The only widely used method 
for chemical cleavage is the cyanogen bromide cleavage of methionyl peptide 
bonds (11). Since the number of methionine residues in a protein often is limi­
ted, fragments obtained after cyanogen bromide cleavage frequently are of sui­
table size for automatic sequencing. In contrast digestion with trypsin, one 
of the most specific proteases, which cleaves C-terminally of lysine and argi­
nine, creates especially in case of larger proteins a great number of peptides. 
Modification of trypsin action either by blocking the ε-amino groups of lysine 
by dicarboxylic acid anhydrides (12) or by blocking the guanidino group of ar­
ginine (13) yields larger hydrophilic fragments. This is advantageous for au­
tomatic sequencing and produces the desired overlaps of tryptic peptides for 
the manual worker. 
During the last years a gradual shift in the choice of the proteolytic en­
zymes in addition to trypsin can be noticed. Chymotrypsin is still very popu­
lar, but papain, subtilisin, pronase and pepsin are superseded by themralysin 
(14), an enzyme which has proven to be especially useful for hydrolysis of hy­
drophobic regions. Recently the purification of a protease specifically clea­
ving C-terminal of glutamic and aspartic acid has been described (15). 
Peptide purification 
The difficulties of fractionation and purification of peptides of enzymic 
digests are somtimes underestimated. Of course certain schemes have been deve-
lopped for peptide separation by electrophoresis and chromatography on paper 
(16), and column chromatography procedures (17, 18). However, most of these 
techniques fail to separate all the peptides of a digest. Using paper as a 
supporting medium one can isolate small peptides in a rather short time, but 
peptides of more than 30 amino acids are difficult to handle. Two general pro­
cedures for ion exchange chromatography on polystyrene resins were designed. 
Some workers start with a column of Dowex-50 or improved cationic resins like 
Durrum DC1A, Aminex A5 and Beekman M82 (17). Fractions from such a column are 
subsequently rechromatographed on paper, anionic resins or molecular sieves. 
Other investigators prefer the anionic resin Dowex-1 as first step (19, 20), 
followed by rechromatography of the separated fractions on a Dowex-50 type 
resin. The far better optimization of the resolving power of the Dowex-50 re­
sins favors the use of this material for the initial fractionation. 
Since most ion-exchange resins were designed for separation of small molecu­
les such as amino acids, ion-exchangers with a polystyrene matrix are not con­
siderably more useful for fractionation of larger peptides than the paper 
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techniques. In order to isolate larger peptides highly efficient micro-granular 
celluloses (e.g. Whatman DE52 and CM52) are recommended (21). In addition to 
the procedures mentioned above, a pre-fractionation of a digest on Sephadex, a 
material that essentially separates on the basis of size differences, is wide-
ly applied. 
Two other problems have also to be discussed in relation to peptide purifi-
cation. First the isolation of insoluble or strongly hydrophobic peptides. Ge-
nerally these peptides are not eluted from the resin under normal conditions 
unless strong alkali or acid are used for Dowex-50 and Dowex-1, respectively. 
Ponstingl et al. describe a rechromatography procedure with eluting buffers 
containing up to 30% propanol (19) in order to achieve elution of peptides that 
tend to stick to the column. The second problem is the detection of peptide-
containing fractions. Alkaline hydrolysis followed by the ninhydrine reaction 
and photometric measurement at 570 nm to monitor column effluents, requires a 
complicated machinery. Recently two important contributions have facilitated a 
more simple detection. In 1972 a new fluorogenic reagent for the assay of pri-
mary amines, fluorescamine (Fluram, Roche), was introduced (22). This reagent 
offers not only a better sensitivity, but also much milder reaction conditions. 
The reagent is suitable for use in combination with paper methods (23). The 
other detection technique worthwhile to be mentioned, is not completely origi-
nal. Using a new UV-monitor, the Uvicord III (LKB), it is possible to take ad-
vantage of the large UV absorption of the peptide bond at 206 nm. This appara-
tus, which is equipped with a lamp with a powerful 206 nm emission and double-
beam measurement, even allows the use of UV-absorbing eluents like 5% acetic 
acid. This detector is not applicable for the volatile pyridine acetate gradient 
buffer systems developped for the Dowex-50 resin. However, peptide separation 
on cellulose ion exchangers can be performed with anorganic salt gradients (21, 
24). Moreover this apparatus is extremely useful in combination with gel chro-
matography. 
N-terminal sequence determinations 
Various procedures have been developped to elaborate the basic idea of the 
N-terminal sequential degradation of peptides and proteins using phenyl isothio-
cyanate (25), the Edman degradation. These procedures can be carried out manual-
ly (8, 9, 10), or automized (5). Recently an automatic solid-phase version has 
been described (26). In a fundamental modification of the original idea the 
2-anilino-5-thiazolinone derivative of the N-terminal amino acid, that is clea-
ved from the peptide, is discarded. The newly generated N-terminal amino acid 
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is then labelled with dansylchloride (l-dimethylaminonaphtalene-S-sulphonyl 
chloride (7). The highly fluorescent, dansylated N-terminal residue is libera­
ted by acid hydrolysis. A very sensitive detection can be carried out by chro­
matography on polyamide thin layers (27). The facts that amides cannot be es­
tablished directly, and unambiguous determination of sequences of more than 10 
residues turns out to be difficult, represent the main disadvantage of the dan-
syl method. The normal end product of the Edman reaction is the 3-phenyl-2-
thiohydantoin of the N-terminal amino acid residue. 
The detection method of choice for the phenyl thiohydantoins would be liquid 
chromatography. Thin layer chromatography has a limited resolving power for the 
phenyl thiohydantoins of hydrophobic amino acids and the possibility for the 
required quantitation is limited. Gas chromatography does offer a quantitative 
analysis but for a reliable identification three different conditions are ne­
cessary (28, 29), in view of the difference in polarity of the amino acid side 
chains. Liquid chromatography is, in principle, suitable to give a quantitative 
result for all phenyl thiohydantoins in a single column procedure at a high 
sensitivity (30). Hence this method might be very attractive for on-line coup­
ling of a detection unit with the automatic sequenator. 
It was intended to show in this chapter, that the methods for the sequencing 
of proteins are fairly well worked out. Fortunately a virtually unlimited 
amount of work remains to be done. For example the number of proteins in a re­
latively simple, prokaryotic E.coli cell has been estimated to be approximately 
2000-3000 (31). It is clear that if biochemists want to understand all cellular 
processes in great detail, structural information about all types of proteins 
involved, is desired With respect to the need of this information, the speed of 
primary structure determination has to be increased considerably. Development 
of specific fragmentation procedures resulting in fragments of 30-100 amino 
acids and complete automation of the peptide purification machinery, are conse­
quently a necessity. If this can be realized, the capacity of an automatic se­
quencing device, with on-line detection and automized data handling can fully 
be utilized and an important increase in knowledge can be acquired. 
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CHAPTER 3 
The Amino-Acid Sequence of the aX2 Chain of Bovine a-Crystallin 
Frans J VAU D E E OUDERAA, Wilfried W DE JOÑO, and Hans BLOEMENDAL 
Laboratorium voor Biochemie, Universileit van Nijmegen 
(Received May 23, 1973) 
The « A , chain of bovine я crystalhn was fragmented by means of cyanogen bromide treat­
ment and by tryptic, chymotrjptic and thcrmolytic digestions Twenty tryptic peptides were 
obtained from the S ammoethylated яА2 chain, accounting together for the complete sequence 
The direct Edman degradation and the dansyl-Edman technique were used to determine the se­
quences of the tryptic peptides The order of the tryptic peptides was deduced from overlapping 
peptides obtained b\ cyanogen bromide treatment, tryptic digestion of the maleylated chain and 
chymotryptic and thermolytic digestion of the S-aminoethylated chain The sequence of the «Aj 
chain comprises 173 residues and corresponds to a molecular weight of 19832 
a-Crystallm is one of the major water soluble 
proteins of the vertebrate eye lens It is considered 
as a structural protein, and is apparently devoid of 
any biological activity a Crystallm is isolated as 
an aggregate with an average molecular weight of 
800000 [I] and is composed of two different types of 
polypeptide chains, «A and «B, with molecular 
weights of approximately 20000 [2,3] Each of these 
chains occurs m two electrophoretically distinguish­
able forms aA1 and лА^ and a B , and aBj, respec­
tively The яА chains have identical ammo acid com­
positions [2], and «A, is supposed to be derived 
from aAj by dcamidation tn vtvo [4,5] 
Partial sequences of the bovme aA chain have 
been published previously, mz the N-terminal 13 
residues [6,7], 28 residues around the only cysteine 
[8] and the C-termmal cyanogen bromide fragment 
[9] The N-terminus is blocked by acetylation [10] 
Considerable interest has recently been focused on 
a crystallm since a messengor RNA fraction has 
been isolated from calf lenses which codes exclusively 
for the «A, chain as shown by translation tn vtvo 
and in miro m heterologous systems [11 — 13] 
In this paper the complete sequence of the 173 
residues m the aA ä chain is presented, as deduced 
from the sequences of 20 tryptic peptides Overlaps 
of these peptides after maleylation and tryptic 
digestion of the whole polypeptide and by digestion 
with other proteolytic enzymes established the 
proposed structure 
Abbrevattone Daneyl, 5 dimethylaminonaphthalene 1-
eulphonyl, CNBr, cyanogenbromide, Act, S aminoethyl 
Еплутаез Ammopeptidaee M (EC 3 4 1 2), carboxy 
peptidase A (EC 3 4 2 1), carboxypeptidase С (EC 3 4 2 - ) , 
trypsin (EC 3 4 4 4), chymotrypsm (EC 3 4 4 5 ) , thermo-
lyein (EC3424 4), pepsin (EC344 l),pronase (EC3 4 4 - ) 
EXPERIMENTAL PROCEDURE 
MATERIALS 
Calf eyes were freshly obtained from the slaughter 
house and the lenses removed and processed as soon 
as possible 
Silica gel thin layer chromatography plates 
(G1500 LS 254) and polyamide thin-layer sheets 
(F1700) were purchased from Schleicher and Schuil, 
Aminex A 5 resin from Bio Rad Laboratories and Se-
phadex from Pharmacia Whatman 3 MM paper was 
used for electrophoresis and chromatography З0/,, 
Dexsil GC 300 on Supelcoport, 100—120 mesh, was 
obtained from Supelco (Bellefonte, Pa ), 3 0 / 0 0V-17 
on Chromosorb W-HP, 100—120 mesh, from Chrom-
pack (Vhssingen, The Netherlands), JV-mcthyl-AT-
trimetbylsilyl-tnfluoroacetamide from Machery and 
Nagel and sodium 4-sulfophenylisothiocyanate mono-
hydrate (Sequenal grade) from Pierce 
Pyridine and dimethylallylamine, used for Edman 
degradation were distilled twice after refluxmg with 
КОН and phthalic anhydride, respectively, over a 
spinning bend distilling column Phenyhsothio-
cyanate was distilled under reduced pressure as 
described by Edman and Begg [14] Ethyl acetate, 
butyl chloride and benzene were distilled over CaH, 
before use All other reagents were of analytical grade 
or better 
Trypsin (treated twith L-l-tosylamido-2-phenyl-
ethyl chloromethyl ketone), <x-chymotrypsm, pepsm 
and carboxypeptidase A (dusopropylphosphofluon-
date-treated) were from W'orthington, thermolysm 
from Calbiochem, carboxypeptidase С and amino-
peptidase M from Röhm and Haas and pronase Ρ 
from Serva 
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METHODS 
J\olatto}i of \A2 
('nulo л c n s l n l l i n was prcpaioU by іьоюпіс 
prooijHtation ol calf Uns c o i t ( \ c x t i a c t in the pio 
hciKc oí ZnfeOj and d l ianol [15] Tins malena l was 
p u u h i d b \ 7oiial cinti ifugation and appealed to be 
homo^in ious аь judged by alkaline p o h a c n l a m i d e -
¡;cl elee t iophoKsis in the presence of 7 M шеа, 
immunoiUctiophorciais and ammo-acid a n a h s i b [1] 
The л Л 2 eliain was isolated fiom л e n s l a l l i n by ion 
t \ ( hange c lnoinatogiaphv on ¡SK Sephade \ С 50 a t 
p l i ô δ in 7 M urea [2 | and showed a single band on 
ekctrophoiesis All procedures were earned out a t 
4 Τ 
Reduction and Amtnoethylahon 
U p to 100 mg <\A2 or cyanogen-bromide treated 
л А 2 was reduecd in 7 5 ml 0 2 M T u s HCl buffer 
p H 8 ü, contaminíí lo mg of the sodium salt of 
EUT A, 4 3 g guanulinium ehlonck and 0 1 ml 2-mei-
eaptoethanol Alter one hour, 0 2 ml e th jkne imine 
was acklt d and allow ed to react for 2 h a t room temper-
a t ine [16] The mixture was desalted on a Sephadex 
G 25 column, equilibrated with 0 1 M ammonia and 
1\ oplulucd 
Preparation of Cyanogen-Bromide Fragments 
Cjanogcn bromide cleavage [1У] was performed in 
70°/,, formic acid a t a p r o l a n concentration of lOmg/ 
ml, using an equal weight ol CXBr After 18 h a t 
room t c m p e r a t u i e in t h e dark the solution was 
diluted with 10 \olumcs of water and concentrated 
by rotary e\ aporation The residue was again diluted 
and lyopluhzcd 
The clea\ed protein was reduced a n d amino-
eth^laled and subsequently desalted and lyophilucd 
This material was dissoh'cd in 1 ml 1 0/ 0 ammonia 
and applied t o a column of &cphade\ G-50 hue 
( 1 2 0 x 1 5 cm), equihbiated with 0 1 M ammonia a t 
room temperature and eluted a t a flow rate of 7 ml/h 
The effluent was monitored a t 280 and 230 n m 
Blocking of ε ХН
г
 Groups of Lysine 
Malcjlation of the ε-ΧΗ 2 groups of lysine was 
cai nod out as described bv H u t k r et al [17], using 
0 2 M sodium borate buffer pH 9 0 and a 60 fold 
molai excess of maleic a n h j d n d e o\er total protein 
amino groups, the reaction temperatu ie was kept 
a t 4 "C Excess reagents were removed by gel 
filtiation олег Sephadex G-2Ö in 0 1 M ammonia 
Deblocking of malej la ted peptides was perform-
ed as described by Grosclaudc [18] 
En-ymic Digestioni 
Tryptic digestion was carried out in 0 1 M ammo-
nium bicarbonate buffer pH 8 9 a t a protein concen-
t ra t ion of 10 mg''ml Tr jps in ( l 0 ' ^ w/w) was added 
a t zero t ime and again a f tn one hour After 3 h 
a t 37 Τ the p l l was loweied with 1 N HCl to 3 1 
and the digest was heated foi 5 mm a t 100 'Ό The 
insoluble coie was removed by centnfugation and 
washed twice with p l l 3 1 buffer The combined 
supeinates were l^oplnh/ul 
Chymotivpt ie and thermoKtic digestions were 
performed a t 37 "С in 0 1 M ammonium bicai bonate 
buffel p H 8 9 and 8 6, lespectively The cn/jme/ 
substrate ratio wa» 0 ö 0 ' 0 (wiw) in the case of л V2, 
and 0 5 m g ^ g in the casi of peptides, using digestion 
times of 1 h and 15 h lespectively 
Peptic digestion was ели led out in 0 01 M HCl for 
15 h a t room temperature, using 0 3 mg pepsin per 
μιηοΐ peptide Complete enzymic hydiolysis of jiepti-
des was obtained by adding 0 04 mg pronase and 
0 04 mg ammopeptidasc M in 200 μΐ 0 05 M sodium 
b o i a t e buffer p H 8 0, to about 50 nmol peptide 
Aftci 16 h a t 30 CC the mixture was diluted with 
0 8 ml sodium cit iate bulîei p H 2 2, and used direct 
ly for amino acid a n a h s i s СагЬоч\ peptidase A 
digestion vi as earned out as desciibed eaiher [2] a n d 
carboxypeptidase С digestion was done according 
t o Tscheschc a n d Kupfer [20] 
Peptide Separation 
Anal> deal peptide mapping of enzv mie digests 
was carried out b j high voltage paper electrophoie 
sis in pyridine—acetic acid —watei buffer (25 I 225, 
by vol p l l 6 5) in a varsol tooled a p p a i a t u s a t 
45 V/cm, followed in the second dimension b\ descend­
ing paper chromatography in η butanol— acetic 
ac id—water—pyr id ine (15 3 12 10, by v o l ) |21] 
Staining was peiformed with 0 02 0 / 0 n inhydi in in 
acetone, containing 1 0 / 0 p j ridine and 1 ol0 acetic 
acid, or with selictive staining pioccdures [22] 
For p u p a i a t i v c purposes, 1 5 — 2 0 μιηοΐ of the 
protein digest was applied as a band of 20 cm on 
W h a t m a n 3 ΛΙΜ paper and clectiophoiesed a t 
p H ύ 5 Poorlv resolved zones were sometimes sub­
mit ted to a second electrophoretic l u n a t p l l 3 8 
(pyridine—acetic acid —water, 3 20 377, by v o l ) 
The electrophoielicallv separated /ones were further 
purified by descending chiomatography - in the above 
mentioned solvent Peptides weie located bv staining 
guide s t n p s with 0 50/ (, n inhydrm in acetone The 
unstained m a t c n a l was eluted with IO0,',, acetic 
acid (in case of basic and ncutial peptides) oi 0 1 M 
ammonia (foi acidic peptides) and taken to dryness 
Alternatively the soluble tryptic peptides of <x\2 
were fractionated bv ion exchange chromatography 
A column ( 1 5 x 0 4 cm) of Aminex A-5 was equili­
brated a t 50 0 C with 0 2 M pyridine acetate p H 3 1, 
and loaded with 2 0 umol digest Elution of peptides 
was accomplished with a linear graillent from 0 2 M 
pyridine acetate p H 3 1, to 2 0 M py ridine acetate 
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p H 5.0, using 125 ml of each buffer [2.4]. To detect. 
the peptide fractions amall aliquots of' every second 
tube were spotted on W h a t m a n 3 MM paper. After 
descending chromatography the paper was stained 
with O.50/0 ninliydrin in acetone or the Rcindel-
Hoppe reagent [24]. Fur ther purification of the pepti-
de fractions was obtained by descending paper 
chromatography. Trypt ic peptides, insoluble a t 
pJI 3.1, were redissolved in 1 ml 1 0 / 0 ammonia and 
applied to a column (120x1 .5 cm) of Sephadex 
G-50 fine equilibrated a t room temperature with 
0.1 M ammonia. The flow ra te was 7 ml/'h and the 
effluent was monitored a t 230 nm. 
Chymotrypt ic , peptic and thermolytic peptides 
were in all cases isolated by high-voltage paper 
electrophoresis and descending chromatography. 
Amino-Acid Analysis 
Peptide samples (10—50 nmol) were hydrolysed 
in 0.5 ml 6 N HCl for 22 h a t 110 0C in evacuated 
tubes. In case of peptides containing tyrosine, 0 .1 0 / 0 
(w/v) phenol was added to the 6 X HCl. Xo correc-
tions were made for h y d r o h t i c losses of threonine and 
serine. The composition of аА
г
 a n d its CXBr frag­
ments was obtained from duplicate analysis after 24, 
48 a n d 72-h hydrolyses. Values for serine and threo­
nine were extrapolated back to zero t ime a n d the 
values for valine a n d isoleucinc were t a k e n from the 
72-h hydrolysate. 
Analysis were performed with a Beekman Multi-
chrom amino-acid analyser equipped with a 16-mm 
cuvette, using the single column method as described 
in the manufacturor ' s manual . The t r y p t o p h a n con­
t e n t of a A 2 was determined spectrophotometrically 
on unhydrolysed samples according to Edclhoch 
[25]. Ehrlich'» reagent was used t o demonstrate the 
presence of t r y p t o p h a n in peptides. 
N -Terminal Sequence Analysis 
The three stage E d m a n degradation technique 
was used essentially as described by Xiall [26]. F o r 
E d m a n degradation of some of the larger lysyl 
peptides, 4-sulfophenylisotliiocyanate was used at 
t h e first s tep [27], performing the coupling of pepti­
des in a bulfcr 0.4 M in dimethylallylamine and 0.4 M 
in dimethylamino-1-propyne, adjusted to p H 9.5 
with trilluoroacetic acid. After two hours incubation 
a t 50 °C the 4-sulfophenylthiocarbainyl peptide was 
extracted four t imes w'ith butyl chloride, lyophilized 
and subsequently subjected to the first step of the 
normal phenylisothiocyanate coupling procedure. 
The dansyl-Edman procedure was carried out as 
described by Gray and Smith [28]. 
Identification of N-Terminal Residues 
The amino acid phenyl thiohydantoin derivatives 
were identified both by thin-layer chromatography 
and by gas chromatography. The solvents used for 
silica-gel thin-layer chromatography were : chloro­
form--methanol ( 9 : 1 , by vol.) [29] and h e p t a n e — 
propionic acid—dichlorocthane (58:17:25, by \Ό1.) 
[30]. 
Gas chromatography was performed a t three 
isothermal conditions in order t o come t o a n un­
ambiguous determination of the phenylthiohydan-
toins [31]. The identi ty of the apolar a n d hydroxylic 
amino acid derivatives was established a t 190 0 C 
on a column (0 ft χ 2 mm), containing 30/o Dexsil 
300 GO. These derivatives of phenylalanine, aspara-
gine, glutaminc and tyrosine, as well as the silylated 
derivatives of glutamic and aspartic acid, were chro-
matographed on a column (4 ft χ 4 mm) of 3 0 / 0 
OV-17, a t oven temperatures of 275 5 C and 220 "C, 
respectively. Silylation was carried out in equal 
volumes of A7-methyl-A'-trimcthvlsilyl-trifluoroacet-
amide and ethyl acetate for 30 min at room tempera­
ture . The phenylthiohydantoin derivatives of alanine, 
glycine, valine, proline, leucine, isoleucinc, phenyl­
alanine and methionine, were determined quanti­
tatively. The histidine a n d arginine derivatives were 
identified by t h e Pauly and phenantrencquinone 
spot tests, respectiveh'. Identification of dansyl 
amino acids was established by thin-layer chromatog­
r a p h y on polyamide sheets ( 5 x 5 cm) [32]. 
Amide Assignment 
Amide groups were determined both by identify­
ing the phenyl thiohydantoin derivatives of gluta­
mate a n d aspar ta te after direct E d m a n degradation 
a n d by comparing electrophoretie mobilities of pop-
tides a t p H 6.5 [33]. I n addition complete enzymic 
hydrolysis, followed by amino acid analysis was 
used in some cases. 
Peptide Nomenclature 
Peptides are numbered on the basis of their posi­
tions in the complete sequence, s tart ing from the N-
tcrminus. Trypt ic peptides are preceded by T, 
chymotryptic by C, thermolytic by T h a n d peptic 
by P. CB refers t o cyanogen bromide fragments a n d 
Tin t o t rypt ic peptides obtained after maleylation. 
Peptides derived by further cleavage are indicated 
by a subscript to the parent peptide. 
RESULTS 
Cyanogen-Bromide Peptides 
Cyanogen bromide t rea ted a A 2 chain was amino-
cthylated a n d thereafter fractionated as shown in 
F i g . l . The a A 2 chain contains two methionyl resi­
dues ; one is the N-terminal acetylated residue, 
while the other one occupies a n internal position. 
The peaks marked I and I I in Fig. 1 contain the two 
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CNBr fragmenis of the а А
г
 chain, expected on the 
basis of one internal mt th ionyl residue The results 
of amino acid analysis and end group deter­
minat ion of the t w o fragments a n d of я А 2 arc 
summarized in Table 1 The N terminal acetylated 
methionine, which is also split off by the action of 
CNBr, is not considered as a separate CNBr peptide 
a n d therefore n o t mentioned in t h e table 
I t was concluded t h a t fraction I contained the 
N terminal fragment «А 2СВ1 on the basis of the 
following properties, First, its N terminal residue 
was aspartic acid, which is the second residue of the 
a A 2 chain, next t o the N terminal methionine [10] 
Second, the only cysteinyl residue, which preceeds 
the internal methionine [8], is present m this frag 
m e n t Third, homosenne lactone derived from the 
internal methionyl residue is found m this fragment 
Fract ion I I contains the С terminal fragment αΑ 2 · 
CB2, of which the sequence has been published 
previously [Ö] The apparen t low absorbance a t 
280 nm of this fragment is consistent with the 
absence of t ryp tophanyl and tyrosmyl residues 
Tryphc Peptides of S 4 mmoetkylated хА
г 
Fingerprinting of the t rypt ic peptides, soluble a t 
p l l 3 1, of the aminoethylated я А
г
 chain (Fig 2) 
indicated t h a t most peptides could easily be isolated 
Table 1 Ammo-acid ampostttoiw of the яА2 chain and its cyanogen bromide fragmeids 
Data are given as numbers of residues per protein molecule as determined by ammo acid analysis and sequence resalte 
»А, СВ1 CB2 
Amino acid 
Aspartic acid 
Threonine 
Serine 
Glutamic acid 
Proline 
Glycine 
Alanine 
Valine 
Cysteine 
Methionine 
Isolcucine 
Leucine 
Tyrosine 
Phmylalamne 
Lysine 
Histidine 
Arginine 
Homosenne lactone 
Tryptophan 
Total 
N Terminal 
composition 
16 1 
5 0 
23 3 
17 7 
12 1 
10 5 
62 
10 0 
+ 
18 
9 1 
14 3 
Ы 
13 9 
7 1 
7 0 
13 1 
— 
1 3 
sequence 
16 
5 
24 
17 
12 
10 
0 
10 
1 
2 
9 
14 
6 
14 
7 
7 
13 
— 
1 
173 
Blocked 
composition 
14 8 
3 9 
15 3 
14 2 
71 
74 
3 2 
8 0 
+ 
— 
6 9 
13 0 
5 9 
12 8 
5 1 
5 8 
11 1 
+ 
-t-
scquencc 
15 
4 
15 
14 
7 
7 
3 
8 
1 
— 
7 
13 
о 
is 
5 
b 
11 
1 
1 
137 
Asp 
composition 
1 1 
10 
7 8 
3 1 
6 0 
3 1 
3 1 
2 0 
— 
— 
19 
10 
— 
10 
19 
10 
2 0 
— 
sequel 
1 
1 
8 
3 
5 
3 
3 
2 
— 
— 
2 
1 
_ 
1 
2 
1 
2 
_ 
-
36 
Leu 
Fig 1 Fracttonaturn of CNBr fragments of S amuwethylated 
•xA^ 30 mg CNBr peptides were dissolved m I m i l0/0 
ammonia and separated on a column of Sephadex G 50 fine 
(12ÜX 1 5 cm) Elution at room temperature was performed 
with 0 1 M ammonia at a flow rate of 7 ml/h The volume of 
each fraction was 4 ml (л) absorbance at 230 пш, (O) 
absorbance at 280 nm 
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Fig 2 Peptide тар of a Irypttc hydrdysate of amxnoethyl 
аА
г
 High voltage electrophoreais (pH 6 5) was earned out 
at 50 V/cm for 90 mm and followed by descending chroma 
tography for 18 h m η butanol—acetic acid—water—pyn 
dine(15 3 12 10, by vol} Peptides were located with 0 02% 
nmhydrin in buffered acetone 
125 150 175 
Volume (ml) 
Fig 4 Fracttonatwn of pH 3 1 insoluble trypitc peptides The 
material insoluble at pH3 1, obtained after tryptic digestion 
of 1 5 μταοί ос \
г
, was dissolved in 10/0 ammonia and separated 
on Sephadex G 50 fine under the conditions described in 
Fig 1 The fractions I, II and III contain undigested ÄA2 , 
peptide T4 and peptide T9, respectively 
ТЭ 
о T6 CBl T17b 
О О 
T16 T17a 
О 
T , 3 O T t 1 
О 
CBl TI 
Τ, 0 ° 
о 
T16 
о 
Т2 Т15 
О 
Т14 
О 
Т12 
О 
Т7 Т8 
О 
20 ¿О 60 80 100 
Volume (ml ) 
120 НО 160 
Fig 3 Fractumalton o/ tryptte peptides o¡ ammœlhyl CBl 
The soluble tryptic peptides from 30 mg ammoethyl CBl 
were chromatogr&phed on α column (15 χ 0 4 cm) of Aminex 
A 5 equilibrated at 50 0C uith 0 2 M pyridine acetate 
pH 3 1 Elution was performed at a flow rate of 12 ml ƒ h 
using a linear gradient from 0 2 M pyridine acetate pH 3 1 to 
2 0 M pyridine acetate pU 5 0 The fraction volume was 
1 0 ml 100/о of every second fraction was concentrated and 
applied on a sheet of Whatman 3 MM paper for descending 
chromatography The paper was stained with 0 5 % nin 
hydrin ш acetone 
b y high-voltage electrophoresis a t p H β 5, followed 
by descending chromatography Likewise, a good 
separat ion of t h e soluble t rypt ic pept ides could be 
obtained by column chromatography on Aminex 
A-5 (Fig 3) The " c o r e " material, insoluble a t p H 3 1 
was fractionated b y gel chromatography in 0 1 M 
a m m o n i a on Sephadex G 50 fine (Fig 4) a n d yielded 
two pure peptides, T 4 a n d T9, in addit ion t o the re 
maining undigested material The isolation of T4 
succeeded only when the core of S ammoethyla ted 
a A , was used I n case of t rypt ic digests of nat ive or 
carboxymethylated я А
г
 the core contained also pep­
tide T 1 7 a — 1 7 b , which eluted from the Sephadex 
column together with T4 
The composition of all the t rypt ic peptides of 
S ammoethy la ted a A 2 is given m Table 2, together 
with the isolation procedures a n d N terminal 
determinations Some of these peptides were further 
degraded by digestion with pepsin thermolysin or 
chymotrypsm (Table 3) m order t o facilitate their 
sequence determinat ion The sequences of all t rypt ic 
peptides were established аз shown m Table 4 
The sequence of T l could n o t be determmed 
directly, since i t is blocked by the N terminal acetyl 
group, a n d was therefore deduced from the first 10 
degradation steps on лА
а
СВ1 a n d from t h e thermo-
lytic peptides obtained from CB1T1 
T 2 a n d T15 were characterized as free arginine, 
ra ther t h a n Arg Arg dipeptides, by dans j la t ion of 
these peptides, followed by polyamide thin layer 
chromatography without prior acid hydrolysis The 
dansylated peptides moved in the position of dansyl-
argmine The sequence results of overlap peptides 
(to be discussed later) shows mdeed t h a t two free 
residues of arginine m u s t be released by t rypt ic 
digestion of t h e « A , cham 
The sequence of the large a n d hydrophobic 
pept ide T 4 could be established conclusively up t o 
residue 19 by the direct E d m a n method Dansyl-
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Table 2. Amino-acid composüion$ of the 
Data are given αβ molar ratios. No corrections for hydrolytic destruction have been made. Purification procedures were (sec 
filtration on Sephadex G-50 fine (S). Electrophorctic mobility 
Amino ftdd 
Аврагііс acid 
Threonine 
Serine 
Glutamic acid 
Proline 
Glycine 
Alanine 
Valine 
Methionine 
Isoleucme 
Leucine 
Tyrosmo 
Phcnylalamne 
Lysine 
Ammoothyl-cysteine 
Histidine 
Arginine 
Tryptophan0 
No. of reaiduea 
N-terminal residue 
Mobility 
Purification 
T l 
0.97 
0.9Ó 
1.12 
0.94 
0.98 
2.00 
1.00 
1.00 
0.97 
-f 
11 
0 
E - C 
T.! 
1.00 
1 
Arg 
1.00 
E 
Τ 3 · 
1.01 
0.99 
2 03 
1.02 
1.00 
0.84 
1.00 
0.93 
9 
Thr 
0.25 
Ε - C 
A - C 
Τ 4 · 
2 17 
0 78 
2 47 
3 12 
2.00 
209 
1.04 
5.14 
2.95 
5.16 
0.92 
28 
Leu 
0 
S 
Pept ido 
T5 Τβ TT - Η 
1.13 2.07 
0.83 
0.81 1.95 0.98 
1.05 1.11 
1.01 
1.90 
1.17 
0.95 1.01 
l.OÜ 
1.00 
1.13 0.90 0.95 
5 И 5 
Gin Thr Ser 
0.43 -0.21 0 
Ε - C Ε - C Ε - C 
A 
то» 
0.98 
1.77 
1.02 
1.06 
2.12 
1.05 
-
8 
Phe 
0 
S 
TÍO 
1.03 
0.90 
1.03 
1.05 
1.13 
1.07 
1.05 
0.91 
1.03 
0.80 
10 
His 
-0 .11 
Ε - C 
A 
T i l 
1.06 
3.09 
1.10 
2.02 
0.87 
0.86 
1.06 
0.94 
И 
Val 
-0.16 
Ε - C 
А 
Т12 
1.07 
1.12 
0.77 
1.04 
4 
His 
0.23 
Ε - C 
А 
• llydrolyacd ID the presence of θ mg phenol per 100 ш] β X HCl. 
* Uydrolysed for 72 h. 
0
 DelermLned with Elirllch reagent. 
Edman degradation of four chymotryptic peptidps 
from T4 established the remaining sequence of this 
peptide, which was in part confirmed by some ther-
molytic peptides. 
The N-terminal glutaminyl residue of T5, as well 
as of T13, did easily cyclizc to pyrrolidone carboxylic 
acid, which seriously interfered with the sequence 
determination. 
The Arg-Asp bond between peptides T7 and T8 
was cleaved very incompletely by trypsin, even after 
prolonged digestion. Consequently the combined 
peptide, T7—8, was isolated and sequenced. Peptides 
T10, T i l and T17a were coupled with 4.sulfophenyl-
isothiooyanatc before starting the direct Edman 
degradation. This modification considerably improv­
ed the repetitive yields, since peptide losses due to ex­
traction into the organic phase were diminished. 
The uncyclized form of T13 was isolated in insuf­
ficient amounts for direct Edman degradation. There­
fore its sequence was derived from dansyl-Edman 
degradation of the peptic peptides T13P1 and 
T13P2 and sustained by the composition of T13C1 
and T13C2. The sequence of the methionine contain­
ing peptide T17 b was established by eight degradation 
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tryptie peptides from атпітюеікуШеа aA2 chain 
text for detailB): electrophoresis at pH6.5 (E); paper chromatography (C); column chromatography on Aminex A-5 (A); gel 
was taken at pH 6.5, relative to arginine (= 1.00) 
ArolDO acid 
Aspartic acid 
Threonine 
Serme 
Glutamic acid 
Proline 
Glycine 
Alanine 
Valine 
Methionine 
Isoleucine 
Leucine 
Tyrosine 
Phenylalanine 
Lysine 
Aminoethyl-cyeteme 
Histidine 
Arginine 
No. of residuee 
N-terminal residue 
Mobility 
Purification 
ТІЗ" 
1.90 
0.93 
1.00 
1.02 
1.03 
0.79 
0.97 
1.14 
9 
Gin 
0 
A - C 
T14 
1.01 
0.92 
0.90 
1.17 
4 
Glu 
0.45 
E - C 
A 
T15 
1.00 
1 
Arg 
1.00 
E 
T15— 1β· 
0.93 
2.07 
3 
Arg 
0.85 
E 
Τ1β· 
0.76 
1.24 
2 
Туг 
0.G2 
E 
Peplltlo 
TÍO—17»· 
2.11 
2.85 
1.18 
0.84 
1.15 
1.07 
1.78 
0.73 
+ 
1.12 
14 
Туг 
0.20 
Ε - C 
T17a 
2.00 
2.54 
1.09 
1.03 
1.03 
1.11 
2.22 
+ 
12 
Leu 
0 
Ε - C 
Α - C 
TI7b 
0.99 
0.79 
2.72 
1.18 
1.96 
1.10 
0.75 
2.05 
0.9Ö 
1.04 
14 
Ser 
0 
Ε - C 
τιβ 
1.00 
1.72 
1.01 
1.10 
2.00 
1.08 
0.99 
1.05 
0.99 
1.07 
12 
Ile 
0 
A 
T19 
0.98 
1.04 
0.97 
0.99 
1.01 
1.01 
θ 
Ala 
0.46 
E - C 
T20 
3.59 
2.04 
2.16 
1.09 
1.12 
10 
Glu 
-0.26 
E - C 
steps onT17b itself, combined with the results of the 
dansyl-Edman degradation of CB2T1, the N-termi-
nal tryptie peptide of CB2. 
Special attention was paid to the elucidation of 
the sequence of T20, which proved to be the C-ter-
minal peptide. Eight residues could be sequenced 
by the direct Edman method. Digestion with oarb-
oxypeptidase A released a single residue of serine and 
treatment with carboxypeptidase С for 2.5 h released 
1.9 residues of serine, 1.0 of proline and 0.4 of ala­
nine. The sequence determination of the two thermo-
lytic peptides T20Thl and T20Th2 finally affirmed 
the total sequence of T20. 
Tryptie Peptides of McUeylated яА
г
СВ1 
Aminocthylated яА2СШ was maleylated and sub­
sequently hydrolysed with trypsin. A small part of 
the digest was deblocked to liberate the F-amino 
groups and fingerprinted as shown in Fig. 5. Compari­
son with the fingerprint of aminocthylated аА
г 
(Fig 2) shows that all lysyl peptides of CB1, namely 
Tl, T7 —8, T9, T10 and T i l , have selectively dis­
appeared. T12 is the only arginyl peptide that has 
been lost.The apparent absence of T13 is presumably 
due to cyclization of its N-terminal glutamine. 
The only new spot that has appeared, CBlTml, 
showed fluorescence under ultraviolet light, indicat-
Eur. J. Biochem. 39 (1973) 
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Table 3. Amino-acid eomposüions of -pe-ptides obtained by ihermólytic (Th), peptic (Ρ), or chymotryplic (С) digestion of some tryptic peptides 
CB2T1 is the N-terminal tryptic peptide of aA2CB2. Data are given aa molar ratioB. These peptides wcro all puriñed by paper electrophoresis at pH 6.5, followed by 
descending chromatography when necessary 
«-1 
И 
1 
в 
is 
§ 
P e p t i d e 
CBlTlThl 
CBlTlTh2 
СВІТІТЬЗ 
T4Thl 
T4Th2 
T4Th3 
T4Th4 
T4C1 
T4C2 
T4C3 
T4C4 
теты 
TöTh2 
T6Th3 
ТИТЫ 
титьг 
тптьз 
T13P1 
Т13Р2 
T13C1 
Т13С2 
TlTaThl 
T17aTha 
T17aTh3 
CB2T1 
T18P1 
T18P2 
Т20ТЫ 
T20Th2 
Α , ρ 
1.0 
1.1 
1.1 
1.0 
1.1 
1.0 
2.2 
2.1 
0.9 
1.2 
1.0 
— -
T h r 
1.0 
0.8 
1.0 
Sci 
2.0 
2.6 
0.9 
0.9 
1.1 
1.2 
1.1 
1.0 
1.1 
0.9 
1.2 
1.1 
1.0 
2.9 
Glu 
1.1 
0.9 
0.9 
09 
1.2 
— • 
1.0 
2.2 
1.1 
0.8 
1.0 
1.1 
1.0 
1.9 
P r o 
0.9 
0.9 
0.9 
1.1 
0.9 
1.1 
1.0 
Oly 
2.2 
1.1 
1.2 
1.1 
1.1 
1.0 
1.2 
1.1 
Ala 
1.0 
0.8 
0.8 
1.0 
Val 
1.1 
0.8 
1.1 
0.9 
0.9 
Amino acid 
Met I le 
1.0 
0.8 
0.9 
1.0 
0.8 
1.0 
0.8 
0.8 
Leu 
0.9 
2.0 
1.1 
0.8 
0.9 
0.9 
T i r 
0.7 
0.7 
0 8 
0.8 
0.7 
0.7 
Phc-
0.8 
2.0 
0.8 
1.1 
1.2 
0.8 
1.1 
Т , ч 
1.2 
-
- -
1.2 
1.0 
1.0 
AetCja Нія 
1.0 
0.8 
0.9 
1.0 
+ 
0.9 
Arg 
1.2 
-
0.9 
0.9 
1.0 
1.0 
Trp 
+_ 
. 
• 
P 
ё 
ï 
С 
s i 
s, 
о 
ï. 
S, 
» i 
5 
F J. van der Ouderaa, W W de Jong, and H Bloemendal 
Table 4 Sequence determinaluma of the Iryptie peptidee (cf ТаЫез 2 and 3) 
Some peptides were further degraded with thermolyem (Th), chymotr^pain (C) or pepsin (P) Fragment Ä 4 2 C B 1 was used to 
establish the sequence of Tl Sequences were determined by £dman degradation using the direct phenylthiohydantoin method 
(—k), by dansyl-Edman analysis (—r), or by both methods (-*•). CarboxypeptidaseС degradation nos used onT20(*— ) Residues 
indicated w ith ^ were identified after dansylation w ithout being hydrolyscd, which show s them to be present as free amino acids 
Peptide Sequence 
Tl Ac Mct-Asp He-Ala He GIn-His Pro Trp-Phe-Lye 
CB1 
CBITITM CBlTlTh2 CBlTlThS 
T2 Arg 
T3 Thr-Lcu-Gly Pro-Phe Tyr-Pro-Ser Arg 
T4 Leu-Phc Asp Gin Phe Phc Gly Glu Gly Leu-Phe Glu-Тут Asp-
T4Thl T4Th2 T4Th3 
> < > ·* 
T4C1 
-Leu-Leu Pro-Phe-Leu Ser Ser-Thr-He-Ser-Pro Тут-Тут Arg 
T4Th4 
T4C2 T4C3 T4C4 
T5 Gln-Ser-Lou Phe-Arg 
•* »• 
T6 Thi-Val Leu-Asp Ser Gly Ile-Scr-Glu-Val-Arg 
T6Thl T6Th2 T6Th3 
T7—8 Ser Asp Arg Asp-Lye 
Т Phe Val Ile Phe Leu-Asp-Val-Lyn 
T10 His Phc Ser Pro-Glu Asp-Leu-Thr-Val Lye 
4 • 
TU Val Gln-Glu-Asp-Phe-Val Glu-Ile-His Gly-Lys 
Т11ТЫ TllTh2 TllTh3 
T12 His-Asn-Glu-Arg 
T13 Gin Asp-Asp His-Gly-Tyr He Ser-Arg 
T13P1 T13P2 
•< > •< • 
~ ' ТІЗсТ' "^ T13C2 - ' 
•* >• •< >-
Ear J Biochem. 39 (1973) 
27 
Amino-Acid Sequence of «A2 Chain of .-x-Crystallin 
Table 4 (Continued) 
Peptide 
T U Glu-Phe-Hi4-Arg 
T15 Агк 
Т16 Tyr-Arp 
Т17а Іл>иГго-8сг-А5п- пІ-Авр-01п.8ег-А1л-Іли-.Чег-ЛеіСув 
" *
 —
' т П а ' Ш " ^ f f ? а ™ - " " ^ ТІТпТІіЗ 
T17b Ser-I^u-Ser-A[a-Asp-G]y-Met-T>!u-Thr-P]ic-Scr-Gly-Pro-Lys 
" *
 —
*
 —
* ""*
 —
* " * " ' СВ2Т1 
Т18 Ilc-Pro-Ser-aiy-Val-Asp-Ala-flly-His-Ser-Glu-Arg 
Т18Р1 Т18Р2 
Т19 ΛΙα-Ilc-Pro-Val-Ser-Arg 
Т20 Glu-Glu-Lya-Pro-Ser-Ser-AIa-Pro-Scr-Ser 
T20Thl T2()Tli2 
Tm5 
О 
Tm2 
О Tm4 
C B I T m l O Tmll 
О 
σ 
mio-Γ 
Ό 
Т г г І О 
а 
fc ecl. 'cphcresis -
Fig. 5. Peptide map of a tryptìc digest of maleylated amino-
ethyl-CBl. The digest was deblocked and subjected to high-
voltagc electrophoresis and ehromatopraphy ns described in 
Fig. 2. The correspondence between these peptides and those 
in Fig.2 is as follows: CBlTml is T 1 + T 2 (without acetvl-
methionine), Tm2 is T3, Tm4 is To, Tm5 is Тв, 'Гт9 is ТІ4, 
TmlO is T15 and Tml 1 is T16 
ing the presence of the only t ryptophanyl residue of 
the ftA2 chain. Amino acid analysis of this spot 
(Table ¡5) demonstrates t h a t C B l T m l contains T l 
and Ï 2 . The other maleylated t rypt ic peptides shown 
in Fig. 5 were identified by their positions as unmodi-
fied arginyl peptides. 
In order to separate peptides of larger size, which 
are no t present on the peptide map , gel chromatog-
raphy of the t rypt ic digest of maleylated Aet-CBl 
was carried out on Sephadex G-50 fine. The elution 
diagram is depicted in Fig. 6. After rcchromatog-
raphy of the fractions I and I I under the same con-
ditions, two peptides were obtained in pure s ta te , 
Tm6—7 and T m 3 . Amino acid analysis and N-ter-
minal determination showed tha t T m 3 was identical 
with T4, whereas Tm6—7 apparent ly included four 
lysyl peptides connected to an arginyl peptide 
(Table 5). 
Fraction I (Tm6—7) was digested with trypsin after 
deblocking, α fingerprint of this digest being shown in 
Fig.7. The t rypt ic peptides obtained from T m 6 — 7 
were identified by their cleetrophoretic and chro-
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Table 5. Amino-acid compositions of enzymic peptides overlapping the tryptic peptides of аЛ
г 
D.ita are given as molar ratios, without corrections for hydrolytic Іоэдся, These peptides were all purified by pa]wr electrophoresis at pH 6.5 and» where necessary, at 
pH 3.8, followed by deBceiiding thromatography. Tho pcptulcs are tabulated in the order in which they appear in the sequence alignment of Table 6 
Asp Tllr Si r 
CHlTml 0 8 
TM 0 9 
CI 0.9 
C2 1.1 
Tli2 1.0 
Tli.4 1 7 
С.Ч 1.0 
TM 0 « 
C4 0.8 
C5 2.7 0.9 2.8 
Co 2.7 2.7 
Th5 2.2 1.1 
ï m ü - 7 (i.O 0» 1.8 
Tm(i - 7P1 2.0 0.9 
ThG 0.9 
C7 1.2 
ТтО-7Г2 1.1 0.7 
Т т б -7l>.t 0.» 
Tli7 2.8 
ThS 1 0 
C'8 0.9 
C'9 
ΊΊι9 2.1 
С'Ш 1.П 
ThlO 2.0 
C U 1 2 2 9 
C12 4.5 
blu 
i.o 
i.o 
1.0 
1.2 
1.1 
B.l 
2.0 
2.2 
2.1 
1.0 
1.1 
1.1 
2:) 
Гго Gli- Ala Val lift 
0.9 1.1 
2.0 1.0 
1.1 
1.2 
1.2 
1.1 2.1 
1.1 0 8 
0 8 
1 1 1.2 4 . 3 ' 
1.0 
0.8 
2.0 
1.2 1.0 
2.1 
2.1 1.9 
1.7 3.0 l . l 1 0 
3 0 2.0 l . l 
Amino ncld 
Ilo 
2.1 
1.1 
1.0 
1.0 
1.6» 
0.9 
0.7 
0.8 
0 9 
1.1 
1.0 
1.1 
leu 
1.0 
1.1 
0.9 
1.1 
1 0 
1.2 
0.9 
2.2 
1.1 
1.1 
1.1 
1.1 
Tjr 
0.9 
1.1 
1.9 
0 9 
1.0 
0.9 
Pho 
1.1 
1.0 
1 8 
0.8 
1.0 
1.0 
1.0 
1.0 
0.9 
4.0 
1.0 
1.1 
1.1 
0.9 
Lys 
0.8 
0.8 
1.0 
1.1 
0.9 
1.1 
4.1 
l . l 
1.0 
1.0 
1.0 
1.1 
1.1 
1.0 
1.0 
1 1 
Actlys 
— 
0.8 
+ 
Uis 
0.8 
-
3.0 
1.1 
0.9 
1.7 
3.1 
0.7 
0.9 
Arg Trp 
1.1 + 
1.1 
1.1 
1.0 
1.0 
i.o 
1.0 
l . l 
0.9 
3.3 
2 0 
2.1 
1.8 
1.0 
1 1 
1 2 
1 2 
1.0 
2 1 
1.0 
1.1 
* Low values dite to Incompleto h>ilru]}tii3 of the \al-72—IIc-73 bund 
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125 150 175 
Volume (ml) 
Fig β Fractionation of a tryptic hydrolymte of maleylated 
amiTiofthyl CB1 1 5 μmol digest was separated on Sephadex 
G 50 line under the conditions given in Fig 1 Peaks I and II 
contained Tm6 7 and Tm3, respectively which were further 
purified by rechromatography 
OTm7T4 
QT 
Tm7TI 
О ОТгп7Т5 
Оттб 
H Elec'rophores s 
Fig 7 FingerpmU of a tryptwdtgeM of demaUylated Ттб—7 
Conditions were the same ее in Fig 2 
matographic behaviour Tm6 is identical with T7, 
Tm7Tl is T8 Tm7T2 is T9, Tm7T3 is T10, Tm7T4 is 
T i l andTm7T5 is T12 The sum of the sequences of 
these tryptic peptides agrees with the amino acid 
composition of Tm6—7 
These data together permit the following conclu­
sions The lysyl peptide T l is followed in the sequence 
by T2, which is free arginino The lysyl peptides T7—8, 
T9, T10 and T i l occur together in Tm6—7 and must 
be followed by the arginyl peptide T12 The other 
arginyl peptides, t e T3 through T7 and T13 through 
T16, as well as the ammoethyl-cysteinyl peptide 
T17a, must all bo preceeded by arginine 
Sequence Assembly 
The evidence that CB1 is the N terminal and CB2 
the C-terminal CNBr fragment of the «Aj chain 
has already been discussed Comparison of the fin 
gerprints of tryptic digests of Act aA8, ^ct CB1 
and CB2 enabled to determine which tryptic pepti 
dee occurred in CBl and CB2, respectivelv CB1 was 
found to contain the peptides Tl (without acetyl 
methionine) up to T17a, while the peptides T18, 
T19 and T20 werp present in CB2 
Chу motryptic and thermolytic digests of Act αA
a 
and a peptic digest of Т т в — 7 were used to isolate 
overlapping peptides that gave decisive information 
for the reconstruction of the arrangement of all 
tryptic peptides m both CNBr peptides The amino 
acid analyses of those peptides which provided 
information on the alignment of tryptic peptides are 
given in Table 5 Table β shows then the way in 
which these oveilapping peptides fix the order of 
the tr\ ptic peptides, and thus establish the complete 
sequence of the «Α 2 chain 
The information obtained from the overlap pepti­
des is in agreement with the results of the tryptic 
digest of maleyl Aet CBl as discussed above 
Tl T2 T3 The N terminal sequence of aA 2 was 
earlier reported from our laboratory to be Ac Met-
Asp He Ala [10] The amino acid composition'of T l 
corresponds, apart from the methionyl residue, t o 
the first ten residues of CBl (Table 4) This places T l 
at the N terminus of the αΑ 2 chain The Tl T2 
linkage follows from the amino acid composition of 
C B l T m l The T l T2-T3 junction was established 
by the sequence of peptides Cl and Th 1 
T3 T4 T5 T6 The connection between T3 and 
T4 was evident from the structure of C2 and by the 
composition of Th2 The overlap T4 T5 was deduced 
from Th3 Th3 also confirms the С terminal sequence 
of T4 The T5 T6 junction was arrived at by the 
sequence of Th4 Peptides C4 and C5 gave only 
limited information on the T5-T6 overlap as they 
only show that T6 is preceeded by arginine 
T6 T7-T8 T9 TÍO T11.T12 The order of Τβ, T7, 
T8 and T9 is firmy established by the sequence of 
Th5, as well as by the composition of C5, Св and 
T m 6 - 7 P 1 Peptides T7 up to T12 form together the 
maleylated tryptic peptide Tm6—7 T12 must be 
located at its С terminus, for it is the arginine con-
taming peptide T9 and T10 are linked by the se­
quence of C7 and the composition of ТЬ , T10 T i l 
by the sequence of T m 6 - 7 P 2 and T U T12 by Th7 
and T m 6 - 7 P 3 . 
T12 T13 TU T15 T16 Т17а-Т17Ь The linkage 
of T12 and T13 was deduced from the sequence of 
Th7 The T13 T14 overlap is reached with Th8 as 
well as C8 The T14 T15 T16 junction was established 
after sequencing of C9 and by the occurrence in the 
tryptic digest of «A, of peptide T15-16 The tryptio 
digest also contams peptide T16—17a The order 
of T17a—T17b was fixed by the sequence of CIO and 
the composition of Th9 This completes the ordering 
of the tryptic peptides m aminoethyl CBl 
Eur J Biochem 39 (1Θ73) 
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S Table 6. Proposed primary êtnulure of the лА, chain of bovine x-cryetailin 
The overlappmg peptides, determinrng the order of the tryptic peptides, are indicated. The amino acid compositions of these peptides are given in Table 5, but for Τ15-1Θ and 
tS Т1в-17а (Table 2) and CB2 (Table 1). Sequences were established by the daneyl-Edman method (—*). The symbol —/— indicates that the concerning peptide was further 
-^ digested with trypsin, and the resulting peptides identified by peptide mapping 
-1 
" 1 Tl 10 I T2 I T3 20 I 30 T4 
Ac-Met-Asp-He-Ala- Ile-Gln- His-Pro- Trp- Phe-Ly8-|-Arg-|-Thr- Lcu-Gly-Pro- Phe-Тут- Pro- Ser-Arg-j-Leu-Phe· Asp-Gln-Phe-Phe- Gly-Glu- Gly-Lcu- Phe-Glu-Тут- Asp-
-< CBlTml »- -< Th2 >-
•< Thl • ·. C2 * 
CI 
40 | SO T5 Ι Τβ 60 I T 7 - 8 70 | 
-Leu-Leu-Pro-Phe-Leu- Ser-Ser- Thr-Ile- Ser- Pro-Туг- Tyr- Arg-|-Gln-Ser-Lcu- Phe-Arg-|-Thr- Val-Leu- Авр-Ser- Gly-He-Ser-Glu- Val-Arg-|-Ser-Aep- Arg.A8p-Lys-|-Phe-
-« Th3 >--< Th4 >• -c Th5 • 
C3 >· •< C4 >- -< C6 -
" ^ ~" "" *Г . ~'^^_'IL C5 
- Т т в - 7 Р 1 -
T9 | 80 T10 | 90 T i l 1100 T12 I 
-Val-Ile-Phu-Leu-Asp- Val-Lys-|-Hie-Phe- Ser- Pro-GIu- Asp- Leu- Thr-Val-LyB-|-Val-Gln- Glu- Asp-Phe- Val-Glu- Ile-His-Gly-Lys-|-Hie-Asn- Glu-Arg-|-Gln-Asp-Asp- His-
-< Th6 >- -< Th7 
-C7 >-
/ " ^ " ^ Ттв-7 -
Ттв-7Р2 * * T m 6 - 7 P 3 -
T13 110 I T14 ІТІб 
-Gly-Tyr- Ile-Scr-Arg-|-Glu-Phe- His-Arg-|-Arg 
T16 I 120 T17a 130 I T17b 140 
Tyr-Arg-|-Leu- Pro- Ser-Asn-Val- Asp-Gln- Ser- Ala-Leu- Scr-Cye-|-Ser-Leu-Ser-Ala- Asp-Gly- Met-Leu- Thr-Phe-Ser- Gly-
>-< Th8 * *—TlS-ie--»· ч Th9-
-C8 >•+ C9 • •< C10-
" * " * —г - τ - τ ^ - r T l 6 - 1 7 a — >• 
1 160 TIS 1 160 T19 I T20 170 
-Pro-Lye-|-Ilo-Pro-Ser- Gly-Val- Asp-Ala- Gly- His-Ser- Glu- Arg.-Ala- Ile -Pro-Val-Ser-Arg-|-Glu-Glu-Lye-Pro-Ser- Ser - Ala-Pro-Scr-Ser-OH 
Т Ы 0 -
-/ СП >.ч / C12 
Zj CB2 / / 
Amino Acid Sequence of »A2 Chain of a Cristallin 
Table 7 Assignment of amide restdues m the яА2 chatn 
Methodfl of identification arc HVE, high voltage electrophoresis, pH 6 5 (deduced charge in parentheses), PTH, direct identifi 
cation of the phenylthiohydantom derivative, FH, enzymatic hydrolysis 
Residue Itlentlflcalion 
Asx 2 
Glx 6 
Asx 24 
Glx 2·) 
Glx 29 
Glx 33 
Asx 35 
Glx 50 
Asx 58 
Glx 63 
Asx-67 
Азх-в9 
Asx 76 
Glx 83 
Asx 81 
Glx 90 
Glx 91 
Asx 92 
Glx 95 
Asx 101 
Glx 102 
(ilx 104 
Asx 105 
Asx 106 
Glx 113 
Asx 123 
Asx 125 
Glx 126 
Asx 136 
Asx 151 
Glx 156 
Glx 164 
Glx 165 
CBlTlThl 
CBlTlTh2 
T4 
T4 
T4Tli2 
•ЫТИЗ 
T4Th3 
To 
T6Thl 
T6Th2 
T7 8 
T 7 - 8 
07 
T10 
T10 
T l l T h l 
TUThl 
T l lThl 
TllTh2 
T12 
J 12 
T13P1 
i n n 
T13P1 
T14 
T17aThI 
Т17аГЬ2 
T17aTh2 
T17b 
T18P1 
T18P2 
Т20ТЫ 
Т20ГЫ 
3 
3 
2 
2 
3 
3 
3 
2 
3 
3 
2 
2 
5 
2 
2 
3 
J 
3 
3 
2 
2 
3 
3 
3 
2 
3 
3 
3 
2 
3 
3 
3 
3 
H V E ( - l ) 
H V b ( + l ) 
PTH 
PTH 
HVE(-1),PTH 
П Щ-2), PTH 
H V E t - Î J . P T H 
HVE( + 1) 
H V E ( - l ) , PTH 
HVE(-1) ,PTH 
HVE(0), PTH 
HVEfO), PTH 
HVE(+1) 
HVE(0), PTH 
HVK(0), PTH 
HVb( 2, undegraded), PTH 
HVE(-2 , after 2 bdmans), PTH 
H V E ( - 1 , after 3 Edmans), PTH 
HVE(-1) ,PTH 
HVE(+1), PTH, 
HVE( + 1), PTH, 
EH 
EH 
HVE( —1)1 S, terminus cychzea 
HVE( — l) remaining 2 residues 
H V E ( - l ) must be acidic 
H \ E ( + 1 ) , P T H 
HVE(0), PTH 
HVE(-1) ,PTH, 
HVE(-1) ,PTH, 
HVE(0), PTH 
H V E ( - l ) 
HVE(+1) 
Н Ь ( - 1 ) , Р Т Н 
HVE(-1) ,PTH 
EH 
EH 
Asp 
Gin 
Asp 
Gin 
Glu 
Glu 
Asp 
Gin 
Asp 
GIu 
Asp 
Asp 
Asp 
Glu 
Asp 
Gin 
Glu 
Asp 
GIu 
Aen 
GIu 
Gin 
Asp 
Asp 
Glu 
Aen 
Asp 
Gin 
Asp 
Asp 
GIu 
Glu 
Glu 
T17b T18 T19 T20 CB2 yic-lds four tryptic 
peptides, of which CB2T1 соггеьропач to the С ter­
minal port ion of T 1 7 b The first eight sequence 
steps of CB2 and the composition!» of І Ъ Ю and С П 
estabbshed the order T l 7 b - T 1 8 T20 must be the 
С terminal peptide of the a A 8 chain, since it is t h e 
only t rypt ic peptide n o t terminated by lysine or 
arginine and its С terminal residue, senne, corre­
sponds t o the known С terminal residue of the a A 2 
chain [2J T19 and T20 occur together in C12, which 
places T19 penul t imate in the al ignment of the 
t rypt ic peptides of the а \
г
 chain 
Amide Distnbtdwn 
The results of the amide assignment are summariz­
ed m TableT Complete en7 ivmic digestion was applied 
in only two cases (T12 a n d T17aTh2) Electrophoresis 
of T l l T h l after each E d m a n degradat ion step 
established the amide a n d acid groups in t h e 
sequence 90 91 92 as Gln-Glu-Asp, in agreement with 
t h e results of the phenyl th iohydantom determina 
t ions Pept ide T 1 3 P 1 , with the sequence Glx-Asx-
Asx-IIia Gly, has a charge a t p H 6 5 of — 1, which 
implies the presence of two acidic residues Since 
the N terminal Glx was found t o be able t o cyclize 
t o pyrrohdone carboxylic acid, i t m u s t be in the amide 
form, which leaves the acidio groups for the two Asx 
residues 
DISCUSSION 
The d a t a presented in this article have established 
the pr imary s tructure of the a-crystallm A
s
 chain as 
given in Tabic 6, a n d show a tota l number of 173 
amino acid residues F r o m these sequence d a t a the 
molecular weight can be calculated t o be 19832 
This value is in good agreement with chemical a n d 
p h j sicochcmical measurements by various authors 
1.2,3,8,34] 
Part ia l sequences of а А 2 pubhshed previously 
[6—9] are confirmed by the present results 
Comparison of the total amino acid composition 
derived from the proposed sequence with the amino 
acid analysis of д А , only reveals a significant dis 
crepancy for glutamic acid The value for this a m m o 
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acid found after ammo acid analysis, is almost one 
residue too high In fact recalculation of amino 
acid analysis data of «A chains given by other 
authors [2,34,35] also shows a number of approxi 
mately 18 glutamyl residues per molecular weight of 
19800 On the other hand, the number of glutamyl 
residues obtamed by ammo acid anah «us of the CNBr 
peptides is in complete agreement with the sequence 
data The Val Ile bond in 1 9 is responsible for 
low values of valine and isoleucme after 24 h 
hydrolj sis 
The nature of the peptide bonds cleaved by tryp­
sin, chymotrypsm, thermolysin and pepsin, as can 
be seen in the Tables 4 and 6, is generally in accord 
with the known specificities of these enzymes As 
expected, the Lys Pro bond m T20 resists cleavage 
by trypsin I t ш well known that acidic residues 
which are adjacent to a lysyl or an argmyl residue 
tend to reduce significantly the rate of hydrolysis 
by trypsin Therefore the presence of Asp 67 adja­
cent to Arg 68 explains the very limited tryptic 
cleavage of the bond between T7 and T8 (or Tm6-
Tm7) We did, however, not find any indication that 
Asp 69 hinders the cleavage behmd Lys 70 The 
incomplete hydrolysis at the C-terminal side of 
Arg-117 and Arg-H9 gave rise to two additional 
peptides T15 16 and T16-17a, respectively 
Some chymotrypsm-hke activity was apparently 
present m the trypsin preparations used Most amino 
acid analyses of T4 showed non-integral values for 
tyrosine and arginine, due to partial cleavage between 
Tyr-47 and Тут 48 T b s sets free the dipeptide 
Tyr-Arg, which is identical m composition to T16 A 
small amount of a peptide with the composition of 
T4C3 was often found in the tryptic digest as a result 
of an additional chymotrypsm-hke cleavage at Fhe-
39 Likewise, hydrolysis at Phe-141 led in some cases 
to the appearance of the peptide Ser-Gly Pro Lys m 
the tryptic digest of aA
a 
Thermolysin specifically cleaved N-terminal of 
isoleucme, valine, phenylalanine and leucme, except 
m the case of T17a and T20 where cleavage took 
place at the N terminal side of serme An unexpected 
cleavage by chymotrypsm has been encountered at 
the arginyl-alanyl bond (157-158) m a segment of the 
cham relatively devoid of sites susceptible to the 
action of chymotrypsm Despite the presence of 
leucyl and phenylalanyl residues, parts of Tm6—7 
were in our hands rather resistant to chymotryptic 
hydrolysis 
Peptides isolated by paper electrophoresis and 
chromatography proved to be as useful for direct 
Edman degradation as peptides isolated by column 
chromatography As stressed by Hermodson et al 
[36] quantitation of the more polar phenylthio 
hydantoyl residues even after silylation is difficult 
Nevertheless quantitative analysis of these ammo 
acid derivatives offers a possibility of calculating the 
repetitive yield, winch is particularly useful in the 
case of repeating sequences of the same ammo acid 
0 2—0 4μιηο1 peptide was sufficient for the direct 
Edman degradation of the tryptic peptides presented 
m Table 4 Abnormal behaviour of histidmc during 
Edman degradation using volatile buffers has al 
ready been reported [37,38] We like« ise experienced, 
that when degradation reached histidmc m a se 
quence, not only this residue but also part of the 
next residue was released 
Tryptic digestion of the maleylated protein was 
very useful for the isolation of the cluster of lysyl 
peptides in the middle of the molecule Partial maley-
lation of a few seryl residues was observed but did 
not diminish the usefulness of the method 
Robinson el al [39] have indicated a correlation 
between the number of glutaminyl and asparaginv 1 
residues in a protein and its biological lifetime aA 2 
contams 4 60/0 amide residues which places it among 
the proteins with low amide content like collagen 
and histone IV This would suggest a long half life 
for the яА
а
 cham, in agreement with the notion that 
the average turnover of lens proteins is very slow 
Recently the primary structure of bovine γ 
crystallin (fraction II), another soluble lens protein, 
has been published by Croft [40] Apparently no 
part of this sequence seems to be homologous to the 
«A 2 cham On the other hand, structural homology 
between the aA and д Б chains has been suggested 
since their N terminal tryptic peptides show a strik 
ing resemblance [6,34] 
Our preliminary data on the ammo acid composi­
tions of the tryptic peptides of a B ¡ demonstrate a 
homology of approximately 700/o wih the а А
г 
cham (unpublished results) 
It appears that the primary structure of aAj is 
highly preserved during evolution This was concluded 
from comparative studies of soluble tryptic peptides 
of aA 2 chains from bovine, pig, dog and rabbit [41] 
Although it is not possible to draw definite con­
clusions about the secondary and tertiary structure of 
¡xAj from these sequence studies, the distribution of 
hydrophobic and charged residues shows some 
interesting features The N terminal region (1—77) 
has a pronounced hydrophobic character, especially 
in T4 and T9 The subsequent region 78—119 is 
highly polar and has a distinct basic charge The 
segment 120-144 is lacking any positive residue 
while the C-termmal part (145-173) is rather hydro-
phobic and neh in prolmc residues It is tempting to 
speculate, that the hydrophobic N-terminal part of 
the sequence plays a special role m the aggregation 
behavior of the α crystalbn molecule 
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CHAPTER 4 
SEQUENCE OF THE FIRST 68 RESIDUES OF THE aB 2 CHAIN OF 
BOVINE o-CRYSTALLIN 
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Department of Biochemistry, University of Nijmegen, 
Nijmegen, The Netherlands 
Received November 21, 1973 
SUMMARY 
The sequence of the N-terminal cyanogen bromide fragment of the 
аВг chain of bovine a-crystallin was determined. Valuable results 
were obtained by the use of an extracellular protease from 
Staphylococcus aureus, cleaving specifically C-terminal of 
glutamyl residues, and the application of the solid-phase Edman 
degradation. A 55% sequence homology was observed with the 
N-terminal region of the aAa chain of bovine a-crystallin. 
The lens protein a-crystallin has interesting aspects as a model 
protein for the study of aggregation, differentiation and aging 
(1, 2, 3). This protein occurs in the native state as an aggregate 
of 800,000 dalton (4) and has relatively simple building stones, 
namely two types of polypeptide chains, designated aA and aB(5). 
These polypeptide chains have molecular weights of about 20.000 
and 21.500, respectively (6), and both occur in two electropho-
retically distinguishable forms (aA. and oAp, aB, and aB^) which 
have identical amino acid compositions (6, 7). 
The complete primary structure of the major polypeptfide chain oAg 
has recently been published (8). The present study established 
the sequence of the N-terminal cyanogen bromide fragment of the 
aBg chain. It shows a 55% homology with the corresponding region 
of the aA 2 chain. 
Interesting aspects of the applied sequencing techniques are the 
Copyright © /974 by Academic Presi, Inc. 3 5 
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succesful use of a recently described protease, which specifically 
cleaves peptide bonds C-terminal of glutarnyl residues (9), and the 
automatic solid-phase Edman degradation (10) of a horaoserine 
peptide. 
MATERIALS AND METHODS 
Alpha-crystal!in was isolated from aqueous extracts of calf-lens 
cortex by gel chromatography on a column of Sephadex G-200 (11). 
The αΒρ chain was prepared from 600 mg α-crystal lin by ion-exchange 
chromatography on a column (30 χ 2.5 cm) of DEAE-cellulose (Whatman 
DE 52). Equilibration and elution of this column was performed at 
40C at a flow rate of 35 ml/h with a 2.5 mM Tris-HCl buffer, pH 8.0, 
containing 6M urea. 
Cyanogen bromide cleavage was carried out as described earlier (8). 
The cyanogen bromide fragments were separated by gel chromatography 
on a column (100 χ 2.5 cm) of Sephadex G-50 fine, equilibrated and 
eluted with 5% acetic acid at room temperature at a flow rate of 
25 ml/h. The effluent was monitored at 280 nm and in a few cases by 
performing the Fol in reaction on an aliquot from every second fraction. 
Digestion with trypsin was carried out at room temperature for 30 
minutes at pH 8.9, using an enzyme : substrate ratio of 1 : 100 (w/w). 
Digestion was stopped by the addition of trypsin inhibitor, at a 
ratio of 1 : 1 over trypsin. Chymotryptic and thermolytic digestions 
were performed at 370C for 2 hours, at pH 8.9 and 8.6, respectively, 
using an enzyme : substrate ratio of 1 : 100. A protease cleaving 
specifically peptide bonds C-terminal of glutamic acid, was iso­
lated from the culture filtrate of Staphylococcus aureus strain V8, 
as described by Drapeau et al (9). The large tryptic peptide T3 
was digested with this enzyme at 370C in 50 mM sodium phosphate 
36 
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buffer, pH 7.8, using 0.5 mg protease per pinole of peptide. 
Enzynric digests were fractionated by gel chromatography on a Sepha-
dex G-50 fine column (120 χ 1.5 cm), eluted at room temperature with 
0.1 M ammonia at a flow rate of 8 ml/h. The effluent was monitored 
at 230 nm. Fractions of the eluate were further purified by high-
voltage paper electrophoresis (pH 6.5) and descending paper 
chromatography (n-butanol - acetic acid - water - pyridine; 
15 : 3 : 12 : 10) (12). 
For most peptides the accelerated version of the three stage Edman 
degradation, as described by Niall and Potts (13), was used. The 
sequence of the C-terminal homoserine peptide T4 of the N-terminal 
CNBr fragment was determined by solid-phase Edman degradation. The 
peptide was activated and attached to tri ethylenetetramine (TETA) 
resin according to Horn and Laursen (14). The solid-phase Edman 
degradation was carried out as described by Laursen (10). Highly 
purified solvents were used, in order to facilitate gas-chromato-
graphic identification of the phenylthiohydantoin derivatives. 
Identification of phenylthiohydantoin derivatives of amino acids 
was performed by thin-layer and gaschromatography as described 
earlier (8). Histidine and arginine derivatives were determined as 
described by Surmers et al (15). In a few cases the dansyl-Edman 
technique was used (16). Identification of dansyl amino acids was 
carried out by thin-layer chromatography on polyamide sheets (17). 
Asparaglne and glutamine were identified directly as their phenyl­
thiohydantoin derivatives. 
RESULTS AND DISCUSSION 
The aBj chain contains two methlonyl residues, one of which repre­
sents the acetylated N-terminus of the chain (18). Cyanogen bromide 
cleavage therefore results in free acetyl-homoserine and two larger 
37 
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ac-Met-Asp-ne-A1a-I1е-Ніs-His-Pro-Trp-Πe-Arg-Arg-Pro-Phe-Phe-Pro-Phe-His-Ser-Pro-Ser-Arg-
-Tl » < . . ^ „ , 11-
-T2a > < T2b-
- n X C2 >< C3—>< CA­
SO 40 
-Leu-Phe-Asp-Gln-Phe-Phe-Gly-Glu-His-Leu-Leu-Glu-Ser-Asp-Leu-Phe-Pro-Ala-Ser-Thr-Ser-Leu-Ser-
<-: : — : : : : — : : : — : — : T 3 - : 
<— T3Thl > < T3Th2 > < T3Th3 > <—T3Th4-> < T3Th5 Х-13Ш-
-C4 > " " ^ ±^ ТЗТЫО > ~* 
< — T3SP1 > < T3SP2 > < ^ ;—I3SP3-
50 60 
-Pro-Phe-Tyr-Leu-Arg-Pro-Pro-Ser-Phe-Leu-Arg-Ala-Pro-Ser-Trp-Ile-Asp-Thr-Gly-Leu-Ser-Glu-Met-
-T3 > < ^ ^ ^ ^ T 4 - ^ > 
< — ^ ^ T3a > 
-ТЗТЬб^- < T3Th7 »<-T3ThB» 
«•T3Th9> 
-Τ3ξΡ3τ: ; — г >• 
-C5 > < Сб-
Fig. 1. Proposed sequence of the first 68 residues of the аВг chain of bovine a-crystallin. The 
N-terminal CNBr fragment of аВг was digested with trypsin (T) and chymotrypsin (С). T3 was 
further degraded with thermolysin (Th) and a staphylococcal protease (SP). Sequencing techniques 
used were: manual Edman (—»•), dansyl-Edman (—^) and solid-phase Edman (—*»·). 
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Table 1. Amino acid compositions of t^-CBl 
and its tryptic peptides. 
His 
Arg 
Asp 
Thr 
Ser 
Glu 
Pro 
Gly 
Ala, 
Met* 
He 
Leu 
Tyr 
Phe 
Trp 
Tl 
1.9 
1.2 
1.0 
1.1 
1.1 
2.7 
+ 
T2 
1.0 
2.0 
1.8 
3.2 
3.0 
T3 
1.1 
2.1 
2.0 
0.9 
4.6 
3.0 
3.9 
1.1 
1.1 
6.8 
0.7 
5.6 
T4 
1.2 
0.9 
1.8 
1.0 
1.0 
1.1 
1.1 
0.9 
1.0 
1.0 
+ 
Sum 
4 
5 
4 
2 
9 
4 
9 
2 
3 
1 
4 
8 
1 
9 
2 
aB2-CBl 
4.0 (4) 
5.2 (5) 
4.1 (4) 
2.0 (2) 
8.3 9) 
3.9 4) 
8.9 9) 
2.2 2) 
3.3 3) 
0.8 1) 
3.9 4) 
8.0 (8) 
1.0 (1) 
8.8 (9) 
2 (2) 
10 11 34 12 67 67 
'determined as homoseri ne 
fragments. These fragments were easily separated by gel chromatogra­
phy on Sephadex G-50 fine. The amino acid compositions of the N-ter-
minal CNBr fragment (c^-CBl) and its four tryptic peptides are shown 
in Table 1. When the tryptic digestion was continued for 4 h, instead 
of the usual J h, three additional peptides (T2a, T2b and T3a) were 
obtained due to chymotrypsin-like activity of the trypsin preparation. 
The accumulated evidence for the sequence of CB1 is given in Fig. 1. 
The sequence of Tl and the first residue of T2 was obtained by de­
gradation of total CB1. T2 was sequenced through 10 steps, leaving 
the C-terminal arginine by subtraction. The sequence of T3 could be 
established by direct degradation up to Ala-18. Moreover Leu-22 could 
also be identified unambiguously. The peptide fragment C-terminal of 
Glu-12 was isolated after digestion of T3 with the staphylococcal pro­
tease and could be sequenced up to the N-terminal Tyr-Leu sequence of 
T3a. The sequence of T3a was determined with the dansyl-Edman technique. 
The presence of homoserine in T4 indicates that it is the C-terminal 
peptide of аВ2-СВ1. After activation with trifluoroacetic acid it was 39 
Vol. 57, No. 1, 1974 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS 
possible to attach this peptide to TETA resin. Solid-phase sequence 
determination revealed its complete structure; only Ser-10 had to be 
placed by subtraction. The phenylthiohydantoin of homoserine was 
cleaved off from the resin and moved on thin-layer chromatography 
slightly above the phenylthiohydantoin of serine. 
Solid-phase sequence determination is particularly useful for homoserine 
peptides, since these are liable to extraction into the organic 
phase during manual Edman degradation, which seriously decreases 
the repetitive yields. The more polar arginine peptides and lysine 
peptides modified by 4-sulfophenylisothiocyanate (19) are much less 
affected by such extraction. The repetitive yield of T4 during 
solid-phase degradation appeared to be 85%, which is as good or 
better than the values obtained during manual Edman degradation of 
T3, a peptide with a polar C-terminal part. 
The alignment of the tryptic peptides was deduced from the following 
data. The direct sequencing of CB1 shows that T2 follows Tl, which 
is confirmed by the sequence of C2. The position of T4 must be 
C-terminal since it contains the only homoserine residue. This places 
T3 penultimate in the alignment, which is in agreement with the com­
positions of C4 and Сб. In the tryptic digest of total aB- the N-
terminal acetyl-methionine is found attached to peptide Tl. The se­
quence of aB^-CBl, together with the acetyl-methionine, therefore 
accounts for the first 68 residues of the 0B2 chain. 
N-terminal sequences of oBp have previously been published by others 
(7, 20). The sequence proposed by Corran and Waley (20) for the first 
11 residues of oB deviates from ours in the absence of His-6. This 
might be due to the fact that this sequence was mainly deduced from 
qualitative paper-chromatographic amino acid analyses of the N-terminal 
tryptic peptide Tl of aB and the thermolytic products of Tl. The se­
quence of the first 18 residues of aBg as given by Augusteyn and 
40 
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Spector (7) differs in not less than 4 positions from ours. Their 
sequence study was performed by using the automatic sequence procedure 
according to Edman and Begg (21) on aBp-CBl, without supporting evi-
dence from sequences and amino-acid analyses of tryptic peptides. 
Comparison of the sequence of the N-terminal 68 residues of aB« with 
the corresponding part of bovine c ^ (8) reveals a 55Ï homology. 
This indicates that the genes for otAg and ctBp must have originated 
by duplication of a common ancestral gene. The striking observation 
has been made that, despite the homology between oiA2 and aB- and 
their similarity in size, the synthesis of oAg is directed by an m-RMA 
which is approximately twice as long as the m-RNA for aBg (22). 
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CHAPTER 5 
THE MOLECULAR WEIGHT OF THE BASIC POLYPEPTIDE 
CHAIN xB2 OF a-CRYSTALLIN 
F. J. G. VAN DER OUDERAA, W. W. DE JONG AND H. BLOEMENDAL 
Dept. of Biochemistry, University of Nijmegen, Nijmegen, The Netherlands 
(Received 2 May, 1974) 
ABSTRACT. The molecular weights calculated from the amino acid sequences of the aA and aB 
chains of the lens protein a-crystallin differ only slightly (19830 and 20070, respectively). SDS 
gel electrophoresis of these chains and comparison with marker proteins yield apparent molecular 
weights of 19500 for aA and 22500 for aB. The discrepancy between the value of 22500 and the 
real molecular weight of 20070 for aB vanishes by the combined use of SDS and 6 M urea in the 
Polyacrylamide gels. 
The vertebrate eye lens protein a-crystallin is a high molecular weight aggregate composed of the 
acidic aA and the basic aB chains [1]. The initially reported molecular weights of these chains 
determined by ultracentrifugation were in the range between 21000-26000 [2, 3]. However, also 
considerably higher [4] and lower [5] values have been claimed. When Polyacrylamide gel electro­
phoresis in sodium dodecyl sulfate was applied for the determination of the molecular weight 
of the aA and aB chains, values of 19500 and 22500, respectively, have been found [6]. The un­
certainties concerning the size of aA chains were overcome after the solution of the primary 
structure of these chains [7]. A value of 19830 could be calculated from the complete amino acid 
sequence of the аАз chain. Since aA1 seems to arise from aA2 by deamidation [8, 9], essentially 
the same molecular weight is true for both acidic chains. The molecular weight of 19830 is in good 
agreement with the values obtained by SDS gel electrophoresis [6, 10]. 
SDS gel electrophoresis carried out in the usual way, either according to Weber and Osborn [11] 
or Laemmli [12], shows a higher molecular weight for the aB than for the aA chains. The value 
of 22500 reported in the literature for аВг [6], suggested a number of approximately 200 amino 
acid residues, which during sequence determination [13] turned out to be inconsistent with the 
obtained results. The following difficulties were encountered. 
First, the amino acid analyses of aBj failed to give reasonably integral values when based on 
the assumed molecular weight of 22500. Second, the sum of the residues in the tryptic peptides 
did not account for the suggested value. Eventually the establishment of overlapping sequences 
unequivocally excluded the presumed number of 200 residues. The actual number, namely, 
appeared to be 175 [13], corresponding to a molecular weight of 20070. After recalculation of 
the amino acid analyses of aBj reported by others [14, 15] using the number of 175 residues, one 
arrives at better integral values (see Table I). 
This slight difference in molecular weight of aA and aB is in striking disagreement with the 
observed difference in mobility on SDS gel electrophoresis. Some authors have reported anom­
alous behavior of proteins in SDS gels due to unusual shapes or a different binding ratio of SDS 
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TABLE I 
Amino acid compositions of the aB 2 chain 
Asp 
Thr 
Ser 
Glu 
Pro 
Gly 
Ala 
Met 
Val 
Ile 
Leu 
Туг 
Phe 
Lys 
His 
Arg 
Trp 
I 
14.7 
8.2 
18.1 
19.0 
18.5 
9.7 
9.5 
2.3 
10.7 
10.3 
16.4 
2.5 
14.1 
11.6 
9.5 
15.6 
2.3 
11 
15.6 
7.4 
15.6 
20.2 
22.2 
11.0 
12.0 
1.8 
12.0 
10.0 
16.8 
3.0 
15.2 
11.0 
9.6 
15.4 
-
Ill 
13.3 
7.4 
16.4 
17.3 
16.8 
8.8 
8.7 
2.1 
9.7 
9.3 
14.9 
2.2 
12.8 
10.5 
8.6 
14.2 
2.1 
IV 
13.4 
6.4 
13.5 
17.4 
19.1 
9.5 
10.3 
1.5 
10.3 
8.7 
14.3 
2.6 
13.0 
9.5 
8.3 
13.2 
-
V 
13 
7 
17 
17 
17 
8 
9 
2 
10 
10 
15 
2 
13 
10 
9 
14 
2 
I and II : Compositions reported by Stauffer et al. [ 15] (I), and van Kamp 
[14] (II), based on a molecular weight of 22500. - III and IV: The same 
compositions recalculated for a molecular weight of 20070. - V: 
Composition based on the amino acid sequence of 1B2 [13]. 
aA, a B -
aB-CB2-
aB-CBl- щщт" ««*«• — cxB 
-aA 
-aB-CB2 
-aB-CBl 
1 2 3 4 5 6 
Fig. 1. Analyses of a-crystallin, aB and its cyanogen bromide fragments (CB) on SDS Polyacrylamide gels. 
SDS gel electrophoresis was carried out according to Weber and Osborn [11]. Gels 1, 2, 3 were run in the presence 
of б M urea; Gels 4, 5, 6 without urea. Sample incubation was for 24 h at room temperature. - 1 , 4 , a-crystallin; 
2, 5, aBa — cyanogen bromide fragment CB2; 3, 6, cyanogen bromide fragment CB1. 
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to protein [16, 17, 18] However, the combined use of SDS and urea [19] promotes complete 
unfolding of the polypeptide and subsequently the better accessibility for SDS molecules 
Figure 1 shows the effect of the addition of urea to SDS gels on the separation of aA and otB 
chains it is obvious that under these conditions the two components almost coincide, while in 
normal SDS gels there is a significant difference in mobility from which a difference of about 
3000 dalton can be derived 
That small differences in amino acid sequence can give rise to significant differences in mobility 
on SDS gels, can also be observed in the case of globin chains [20, 21] The results mentioned above 
clearly show that molecular weight determinations of polypeptides exclusively on SDS Poly­
acrylamide gels may lead to erroneous conclusions and consequently to a time consuming search 
for non-existing sequences 
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CHAPTER 6 
THE AMINO ACID SEQUENCE OF THE aB 2 CHAIN OF BOVINE a-CRYSTALLIN
K 
SUMMARY 
Isolated cyanogen bromide fragments of the aB- chain of α-crystal lin 
contained 67 and 107 residues, respectively. Part of the sequence of the 
C-terminal fragment was elucidated by Edman and Begg sequenator analysis. 
Sequences of the tryptic peptides were determined by a combination of various 
Edman degradation techniques. Overlaps of tryptic peptides were established 
by selective modification of lysine residues and subsequent tryptic cleavage; 
and by isolation of peptides after hydrolysis with chymotrypsin, thermolysin 
and a staphylococcal protease. The sequence of the aBj chain comprises 
175 residues corresponding to a molecular weight of 20,070. This value is 
somewhat lower than that assumed hitherto. A high degree of homology between 
the aB- and the oAp, the major polypeptides of bovine a-crystallin was 
observed. 
INTRODUCTION 
Alpha-crystal lin has been studied by numerous investigators iuring eight 
decades. This protein occurring in size classes of high molecular weight (1) 
is one of the main structural constituents of the mammalian eye lens. The 
latter organ is presumably one of the most attractive models for the study of 
fundamental processes such as differentiation and aging. 
The eye lens is an avascular tissue consisting of an outer monolayer of 
epithelial cells, a zone of cell elongation and a lens body composed of fibre 
cells. The lens fibres arise from the epithelium in a continuous process 
throughout prenatal and postnatal life. The biosynthesis of a-crystallin is 
an important feature of lens growth. In vitro studies revealed that in the 
fibres 75% of the total protein synthesis is due to the formation of 
a-crystallin (2). 
It is obvious that exact knowledge of the structure of this protein is a 
*F.J. van der Ouderaa, W.W. de Jong, A.Hilderink and H. Bloemendal (1974) 
Eur.J.Biochem. in press. 
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prerequesite for a better understanding of its function and interaction with 
the other lens proteins and the plasma membranes (3, 4). 
The rather simple subunit composition of a-crystallin which is an aggregate 
of high molecular weight facilitates structural investigations. In fact only 
four polypeptides serve as the main building stones of the aggregate; two aci­
dic and two basic chains named aA,, aAp, aB, and αΒρ, respectively. aA, which 
is not under direct genetic control arises from aA- by a process of deamidation 
(5). In embryonic lenses the former chain is lacking (6). 
We have recently reported the complete primary structure of aA2 (7) and the 
partial amino acid sequence of aB- (8). In this paper the elucidation of the 
complete amino acid sequence of the аВр chain is presented. A high degree of 
homology and an almost similar chain length of аАр and aB- was observed, des­
pite the fact that both chains are encoded by messengers, which remarkably 
differ in size (9, 10). 
MATERIALS 
Virtually the same materials were used as described for the sequence deter­
mination of the oAg chain (7) with the following exceptions. DEAE cellulose 
(DE52) was obtained from Whatman. Chemicals for the Edman and Begg sequenator 
protein degradation were Pierce Sequenal grade and chemicals for the solid-
phase Edman degradation were prepared according to Laursen (11). Elastase was 
purchased from Whatman Biochemical s Ltd. and soybean trypsin inhibitor from 
Worthington. A protease occurring in the extracellular fluid of Staphylococcus 
aureus strain V8 was isolated as described by Drapeau et al (12). Staphylococ­
cus aureus V8 was a gift from Dr. G. Welling who obtained it from Dr. G. 
Drapeau. 
List of abbreviations: Dansyl, l-dimethylaminonaphtalene-5-sulphonyl; CNBr, 
cyanogenbromide. 
Code numbers of enzymes: Chymotrypsin (EC 3.4.21.1); trypsin (EC 3.4.21.4); 
elastase (EC 3.4.21.11); thermolysin (EC 3.4.24.4); staphylococcal protease 
(EC 3.4.-.-). 
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METHODS 
Isolation 
Alpha-crystal!in from aqueous extracts of calf lens cortex was purified by 
gel chromatography on a column of Sephadex G-200 (100 χ 4 cm). Isolation of 
aB- was performed on a DEAE cellulose column (25 χ 2.5 cm), equilibrated and 
eluted at 40C with a 2.5 mM Tris-HCl buffer, pH 8.0, in the presence of 6 M de-
ionized urea. The protein eluted according to this procedure showed a single 
0B2 band on acrylamide electrophoresis at alkaline pH. 
Preparation of the cyanogen bromide fragments 
Cyanogen bromide cleavage (13) was performed as described by Augusteyn et 
al. (14). The cleaved protein was diluted and subsequently concentrated by ro­
tary evaporation, this procedure was repeated once. The concentrated solution 
was applied to a column of Sephadex G-50 fine (100 χ 2.5 cm) eluted with 5% 
acetic acid at room temperature at a flow rate of 25 ml/h. The effluent was 
monitored at 280 nm and by performing the Fol in reaction in a few cases. 
Blocking of e-amino groups 
Blocking of ε-amino groups of lysine by maleic anhydrine was carried out 
according to Butler et al. (15) in a 0.2 M borate buffer, pH 9.0, containing 
6 M urea, at 4 С The maleylated protein was desalted on a column of Sephadex 
G-25 fine (30 χ 2.5 cm), eluted with 0.1 M airaonia. 
Enzymic digestions 
Tryptic digestion of the cyanogen bromide fragments of aB- was performed in 
a 0.1 M ammonium bicarbonate buffer, pH 8.9, for 30 min at room temperature. 
The enzyme / substrate ratio was 1 : 100 ( w/w). The digestion was stopped by 
addition of soybean trypsin inhibitor. Tryptic cleavage of аВ^ and of the ma­
leylated C-terminal cyanogen bromide fragment (CB2) was carried out for 2 h at 
370C, the other conditions being the same. Chymotryptic and thermolytic diges­
tions were performed at 370C for 60 min at pH 8.9 and 8.6 respectively, using 
1% enzyme for digestions of the whole protein or the cyanogen bromide fragments 
and 0.5 mg/ymole for peptides. Digestion with elastase (2% w/w) was carried out 
at pH 8.9 for 2 h at 370C. Cleavage with the protease from Staphylococcus 
aureus V8 was performed as described by Drapeau et al. (12). о^-СВг was diges­
ted in sodium phosphate buffer for 18 h, tryptic peptide T3 was digested in 50 
mM bicarbonate buffer for 14 h. 
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Peptide separation 
Analytical peptide mapping of various digests was performed by high-voltage 
electrophoresis and descending chromatography as described earlier (7). In ge-
neral preparative isolation of peptides was carried out by gel chromatography 
on a column of Sephadex G-50 fine eluted with 0.1 M ammonia. The effluent of 
the column was monitored at 280 and 230 nm. 
Peptide fractions were subsequently applied as a streak onto Whatman 3 MM 
paper for electrophoresis at pH 6.5. Thereafter guide strips were subjected to 
descending chromatography. Preparative zones were chromatographed if necessary. 
Amino acid analysis and N-terminal sequence determination 
Amino acid analysis was carried out as described in a previous paper (7). 
The manual Edman degradation procedure was performed as reported by Niall and 
Potts (16). Identification of phenylthiohydantoin derivatives by gas chromato-
graphy and thin-layer chromatography was as described (7). Dansyl-Edman degra-
dation was carried out according to Gray and Smith (17). Identification of dan-
syl amino acids was established on polyamide thin-layer sheets ( 5 x 5 cm) in 
different solvent systems (18, 19, 20). The solid-phase Edman degradation was 
performed in an automated apparatus (obtained from LKB), according to the sys-
tem of Laursen (11). Automatic Edman degradation of c^-CEté was carried out in 
a Jeol Sequence Analyzer, using the double cleavage protein program. 
Amide assignment 
Amides in peptides containing aspartic/asparagine or glutamic/glutamine were 
determined directly as their phenylthiohydantoin derivatives and from their mo-
bility at pH 6.5. 
Peptide nomenclature 
Peptides are numbered according to their positions in the complete sequence, 
starting from the N-terminus. CB refers to cyanogen bromide fragments, Τ to 
tryptic peptides and Tm to tryptic peptides obtained after maleylation. Chymo-
tryptic peptides are preceeded by C, thermolytic by Th, elastase peptides by E 
and staphylococcal protease peptides by SP. Peptides derived by further clea­
vage are indicated by a subscript to the parent peptide. 
RESULTS 
Cyanogen bromide fragments 
SO 
The αΒ 2 chain contains two methionine residues. Since one methionine residue 
has been reported to occupy the N-terminal position (22), two fragments are ob­
tained by cyanogen bromide cleavage at the second, internal methionyl residue. 
Isolation of these two fragments by gel chromatography was carried out accor­
ding to Augusteyn and Spector (14). Amino acid analyses of 082 and its cyanogen 
bromide fragments are shown in Table 1. CB1 is the N-terminal fragment since 
this peptide contains homoserine and its N-terminal sequence corresponds to the 
sequence reported by Corran and Waley (23) for the N-terminal part of the whole 
chain, apart from the initial acetyl-methionyl residue. We established the se­
quence of the N-terminal 11 residues of CB1 by manual Edman degradation, and 
24 residues out of the first 30 amino acids of CB2 by automatic sequenator ana­
lysis (fig. 4). 
Tryptic peptides 
An analytical peptide map of a tryptic digest of aB- is shown in fig. 1. 
+ «- Electrophoresis -* _ 
Fig. 1. Peptide map of a tryptic hydrolysate of 082· 
High-voltage electrophoresis (pH 6.5) was carried out at 50 V/cm for 90 min 
and followed by descending chromatography for 18 h in n-butanol-acetic acid-
water-pyridine (15 : 3 : 12 : 10; by vol.). Peptides were stained with 0.02% 
ninhydrin in buffered acetone. 
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to Table 1. Amino acid compositions of αΒ- and its cyanogen bromide fragments. Data are given as numbers of residues 
per protein molecule as determined by amino acid analysis and sequence results. 
aB, CB1 CB2 
Amino acid 
Aspartic acid 
Threonine 
Serine 
Glutamic acid 
Proline 
Glycine 
Alanine 
Valine 
Methionine 
I so leucine 
Leucine 
Tyrosine 
Phenylalanine 
Lysine 
Histidine 
Arginine 
Tryptophan0 
Total 
N-terminal 
a
extrapolated to 
composition 
13.1 
6.9a 
16.9a 
17.1 
17.4 
8.5 
9.2 
9.9b 
1.8 
9.7b 
15.0 
2.2 
12.8 
9.9 
8.7 
14.0 
2 
zero hydrolysis time 
sequence 
13 
7 
17 
17 
17 
8 
9 
10 
2 
10 
15 
2 
13 
10 
9 
14 
2 
175 
Blocked 
; Ь 72 h 
ι composition 
hydrolys 
4.1 
2.0 
8.3 
3.9 
8.9 
2.2 
3.3 
0.8 
3.9 
8.0 
1.0 
8.8 
4.0 
5.2 
2 
i s ; c value 
sequence 
4 
2 
9 
4 
9 
2 
3 
1 
4 
8 
1 
9 
4 
5 
2 
67 
Asp 
obtained from 
composition 
9.2 
4.6 
7.4 
12.8 
8.3 
6.5 
6.3 
9.6 
6.1 
7.2 
1.1 
4.2 
9.5 
5.1 
8.8 
literature (14) 
sequence 
9 
5 
8 
13 
8 
6 
6 
10 
6 
7 
1 
4 
10 
5 
9 
107 
Arg 
Amino acid analysis of the peptides of the tryptic map in an early stage of 
this study revealed some chymotrypsin-like cleavages, when normal digestion 
conditions were chosen. This was avoided by using a short time of incubation 
(30 min) at a suboptimal temperature (20°) during the preparative digestions. 
A tryptic digest of CB1 obtained under these reaction conditions was fractiona­
ted on a column of Sephadex G-50 fine (120 χ 1.5 cm), eluted with 0.1 M ammo­
nia (fig. 2). Fraction 1 contained peptide T3 in a pure state. Fraction 2 and 
3 contained T4, and Tl and T2, respectively. 
E 
с 
о 
η 
CM 
4-' 
га 
О) 
υ 
с 
га 
Ώ 
О 
If) 
Ώ 
< 
0.8 
0.6 
0.4 
0.2 
80 120 160 200 240 280 
Volume (ml) 
Fig. 2. Fractionation of tryptic peptides of CB1. 
Peptides obtained after tryptic digestion of CB1, were applied to a column of 
Sephadex G-50 fine (120 χ 1.5 cm). Elution at room temperature was performed 
with 0.1 M ammonia at a flow rate of 7 ml/h. The volume of each fraction was 
4 ml. The column was monitored by measuring the absorbance at 230 nm. 
Peptides Tl and T2 were purified by high-voltage paper electrophoresis at pH 
6.5. T4 occurred in two electrophoretically different forms due to partial hy­
drolysis of the C-terminal homoserine lactone. Tryptic cleavage of CB2 was per­
formed under identical conditions, followed by the same fractionation procedure 
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2 Table 2. Amino acid compositions of the tryptic peptides of oB«. Data are given as molar ratios. No correction 
for hydrolytic destruction have been made. 
Pept 
Tl 
T2 
T2a 
T2b 
ТЗ 
ТЗа 
Т4 
Т5 
Тб 
Т7 
Т8 
Т9 
ПО 
тю­
ти 
Т12 
Т13 
ти­
пе 
Т17 
Т18 
Т19 
ide 
11 
15 
Asp 
1.1 
2.0 
1.0 
1.0 
2.2 
1.1 
1.3 
1.0 
4.1 
Th г 
0.9 
0.9 
1.8 
1.9 
1.0 
Ser 
1.8 
2.0 
4.6 
0.9 
2.0 
1.0 
1.1 
1.0 
3.4 
0.9 
Glu 
3.0 
0.9 
1.1 
2.1 
1.1 
3.1 
1.9 
1.9 
1.0 
1.9 
2.0 
Pro 
1.2 
3.2 
2.0 
1.0 
3.9 
2.0 
1.1 
1.1 
3.0 
1.0 
0.9 
1.8 
Gly 
1.1 
1.1 
2.1 
2.2 
1.1 
2.1 
1.1 
Ala 
1.1 
1.1 
0.9 
2.1 
1.0 
3.0 
Amino 
Val 
1.8 
1.0 
2.8 
2.1 
3.1 
1.0 
(let 
0.8 
0.8 
acid 
Ile 
2.8 
1.0 
0.9 
0.7 
1.1 
1.8 
2.2 
Leu 
6.8 
2.1 
1.1 
0.8 
1.0 
1.1 
1.1 
0.9 
3.1 
Tyr 
0.8 
0.7 
0.9 
Phe 
3.0 
3.1 
5.6 
1.1 
0.9 
0.9 
1.0 
1.0 
Lys 
1.0 
0.9 
1.0 
1.0 
1.0 
1.0 
1.1 
1.0 
2.1 
His 
2.0 
1.0 
0.9 
1.1 
0.9 
1.0 
1.6 
0.9 
1.1 
1.1 
Arg 
0.9 
2.0 
0.9 
1.0 
2.1 
2.0 
0.9 
1.0 
1.1 
1.2 
1.1 
0.9 
0.9 
1.0 
1.0 
1.0 
Trp 
+ 
+ 
T20 1.0 
on Sephadex G-50 fine (fig. 3). Fraction 1 contained T10-11 and T16. Fraction 
2 comprised T7, T8, T10, T12, T6-7, T17 and T19. 
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Fig. 3. Fractionation of tryptic peptides of CB2. 
Conditions were the same as in Fig. 2. 
Fraction 3 was composed of T5-6, T9, Til, T13, T14-15, T18 and T20. Peptides 
occurring in fraction 1 were separated by high-voltage paper electrophoresis 
at pH 6.5; peptides from the other fractions were isolated by electrophoresis 
at pH 6.5, followed by descending chromatography. The compositions of all tryp­
tic peptides of αΒρ are given in Table 2. Sequences of these tryptic peptides 
were established as shown in fig. 4. In addition the following characteristics 
of the sequence determination of the tryptic peptides have to be mentioned. The 
sequence of Tl was deduced from the N- termi nal sequence of otB^CBl. The sequence 
of T3 was completed by the use of a large fragment obtained after incubation 
with the staphylococcal protease and by the use of the C-terminal fragment 
(T3a) resulting from a chymotrypsin-like cleavage during prolonged tryptic di­
gestion. CB1T4 was degraded in an automatic solid-phase sequenator. The sequence 
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Peptide Sequence 
CBl Asp-Ile-Ala-Ile-His-His-Pro-Trp-Ile-Arg-Arg-
-CB1T1-
T2 Arg-Pro-Phe-Phe-Pro-Phe-His-Ser-Pro-Ser-Arg 
-ι T2a — - I Z b — • 
T3 Leu-Phe-Asp-Gln-Phe-Phe-Gly-Glu-His-Leu-Leu-Glu-Ser-Asp-Leu-Phe-Pro-
T3Thl T3Th2 • T3Th3 — T3Th4 — 
""^ T3ThlO 
-T3SP3-
-Ala-Ser-Thr-Ser-Leu-Ser-Pro-Phe-Tyr-Leu-Arg-Pro-Pro-Ser-Phe-Leu-Arg 
, T3Th5 • -i T3Th6 • T3Th7 -T3Th8~ 
• ^ — T3a — — » 
- T 3 T h 9 ^ - —C4-
-T3SP3— r г ^ - ^ ^ 
CB1T4 A l a - P r o - S e r - T r p - I l e - A s p - T h r - G l y - L e u - S e r - G l u - H s e x 
CB2 Arg-Leu-Glu-Lys-Asp-Arg-Phe-Ser-Val-Asn-Leu-Asn-Val-Lys-His-Phe-Ser-
-Pro-Glu-Glu-Leu-Lys-Val-Lys-Val-Leu-Gly-Asp-Val-Ile-
T5-6 Leu-Glu-Lys-Asp-Arg 
T7 Phe-Ser-Val -Asn-Leu-Asn-Val-Lys 
T8 His-Phe-Ser-Pro-Glu-Glu-Leu-Lys 
C7 ·-
T9 Val-Lys 
TÍO Val-Leu-Gly-Asp-Val-Ile-Glu-Val-His-Gly-Lys 
TlO-11 Val-Leu-Gly-Asp-Val-Ile-Glu-Val-His-Gly-Lys-His-Glu-Glu-Arg 
TU His-Glu-Glu-Arg 
T12 Gln-Asp-Glu-His-Gly-Phe-Ile-Ser-Arg 
— $ P < \ - > Th4 -
T13 Glu-Phe-His-Arg 
T14 Lys " " " 
Tl 5 Туr-Arg 
Fig. 4. 
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Peptide Sequence 
T16 I I e-Pro-Ala-Asp-Val-Asp-Pro-Leu-Al a-Ile-Thr-Ser-Ser-Leu-Ser-Ser-Asp-
C12 C13-
Th6 -« " ^ " " ~ ^ Th7-
-T16E1*- -" T16E2-
-Gly-Val-Leu-Thr-Val-Asn-Gly-Pro-Arg 
C14 
^ " ^ — -^- —тГ-^-
-T16E2 
T16E3 -
T16E4 -
T17 Lys-Glη-Ala-Ser-Gly-Pro-Glu-Arg 
T18 Thr-lie-Pro-Πe-Thr-Arg 
T19 Glu-Glu-Lys-Pro-Ala-Val-Thr-Ala-Ala-Pro-Lys 
C17 
T20 Lys 
Fig. 4. Sequence determinations of the t r y p t i c peptides. Some t r y p t i c peptides 
were further degraded with thermolysin (Th), staphylococcal protease (SP) or 
elastase (E). In a few cases data grom chymotryptic (Ch) and thermolytic degra­
dation of the whole chain were used. Sequences were determined by Edman degra­
dation using the manual d i r e c t phenylthiohydantoin method ( — ^ ), by Edman-
Begg sequenator analysis ( - ^ . ), by solid-phase sequenator degradation 
( -*— ), by dansyl-Edman ( — ^ ) or a combination of manual and dansyl-Edman 
degradations ( — > ). 
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of TÍO was also partly deduced from a degradation run in the solid-phase appa-
ratus. The sequence of T16 was established through 14 residues by manual degra-
dation, whereupon the residual peptide was digested with elastase. Analyses of 
the resulting elastase peptides, together with the dansyl-Edman degradations 
of Th6, Th7, Th8, C15 and C16 completed the sequence of T16. 
Tryptic peptides of maleylated aB^-CBZ. 
Since the amino acid composition revealed that CB1 did not contain lysine 
residues, blocking of the e-amino groups of lysine was only performed on αΒρ-
CB2. The fingerprint of a deblocked tryptic digest of maleylated aBp-CBZ is 
shown in fig. 5. 
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Fig. 5. Peptide map of a tryptic digest of maleylated CB2. 
The digest was deblocked prior to high-voltage electrophoresis and chromatogra­
phy as described in Fig. 1. The correspondence between these peptides and those 
in Fig. 2 is as follows: CB2Tml is the N-terminal residue of CB2, Tm2 is T5 + 
T6, Tm4 is T12, Tm5 is T13, Tm6 is T14 + T15, Tm7 is T16, Tm8 is T17, Tm9 is 
T18 and TmlO is T19 + T20. 
Comparison of this fingerprint with that of oBp showed that all lysine-termina-
ted peptides were absent. Two new spots appeared; Tm2 and TmlO. Amino acid ana­
lysis showed for TmlO a composition identical to that of T19 with the addition 
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of one lysine residue. Since this is the only peptide that does not contain 
arginine after maleylation, it must be placed C-terminally. Preparative isola­
tion of all tryptic peptides of maleylated аЕ^-СВЗ was carried out by gel chro­
matography (fig. 6) and high-voltage paper electrophoresis. 
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Fig. 6. Fractionation of a tryptic hydrolysate of maleylated CB2. 
The digest was deblocked and applied to a column of Sephadex G-50 fine under 
conditions given in Fig. 2. Peak I contained Tm3. 
Fraction 1 contained Tm3, which is composed of T7, T8, T9, TÍO and Til. Hydro-
lysis of dansylated Tm3 released dansyl-phenylalanine, placing 17 in the N-
terminal position. Til was the C-terminal arginine peptide. Tm2 is composed of 
T5 and T6. The compositions of the peptides of maleylated CB2 are given in 
Table 3. 
The following conclusions can be drawn. Maleylation of аВ^-СВг yielded three 
new peptides. TmlO is the C-tèrminal peptide of the whole chain and T12, T13, 
T16, T17 and T18 are arginine peptides not preceeded by a lysine residue. 
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g Table 3. Amino acid compositions of enzymic peptides overlapping the tryptic peptides of aB 2. Data are given as 
molar ratios, without corrections for hydrolytic losses. These peptides were purified by gel chromatography, 
followed by high voltage paper electrophoresis and descending chromatography. The peptides obtained from the 
different enzymes are set together in order in which they appear in the sequence alignment of Table 7. 
Peptide 
Tm2 
Tm3 
Tm6 
TmlO 
CI 
C2 
C3 
C4 
C5 
C6 
C7 
C8 
C9 
CIO 
en 
C12 
C13 
C14 
C15 
C16 
Asp 
0.9 
3.0 
1.1 
1.8 
1.8 
1.9 
1.1 
1.0 
1.1 
Thr 
0.8 
0.9 
0.8 
2.7 
3.1 
Ser 
1.8 
1.9 
0.9 
0.9 
0.7 
0.9 
1.9 
1.8 
1.0 
0.8 
Glu 
1.0 
5.3 
2.0 
1.0 
2.1 
5.4 
1.0 
1.0 
3.0 
3.7 
Pro 
1.2 
2.0 
1.0 
1.1 
1.0 
2.1 
1.0 
1.9 
1.0 
2.9 
3.7 
Gly 
2.1 
3.0 
1.2 
1.1 
1.0 
2.1 
Ala 
3.2 
1.1 
0.9 
2.0 
2.1 
Amino acid 
Val 
5.7 
1.1 
2.1 
1.9 
1.0 
1.2 
0.9 
1.2 
2.1 
Ile 
0.8 
0.9 
0.8 
1.0 
1.0 
1.1 
2.0 
2.0 
Leu 
1.0 
3.1 
1.1 
2.1 
0.9 
1.2 
1.2 
1.1 
1.3 
1.1 
Туг 
0.9 
1.0 
Phe 
2.0 
1.0 
1.9 
1.1 
1.1 
1.0 
1.1 
1.0 
1.0 
Lys 
1.0 
4.3 
0.9 
2.9 
1.1 
1.0 
1.0 
1.1 
1.1 
1.0 
2.1 
His 
3.0 
0.8 
0.9 
2.9 
0.9 
Arg Trp 
1.0 
1.4 
1.1 
2.1 
1.1 
1.0 
1.9 
1.0 
1.2 
1.1 
1.2 
1.1 
2.0 
3.2 
C17 1.0 2.0 2.0 
Table 3 (continued) 
Peptide 
Thl 
Th2 
Th3 
Th4 
Th5 
Th6 
Th7 
Th8 
Th9 
ThlO 
SPI 
SP2 
SP3 
SP4 
SP5 
T3SP1 
T16E1 
T16E2 
T16E3 
T16E4 
Asp 
1.0 
1.9 
1.8 
0.9 
1.1 
2.9 
" 1.0 
1.0 
1.9 
1.2 
1.0 
Thr 
1.0 
0.9 
0.9 
1.8 
0.9 
0.8 
1.0 
1.0 
Ser 
0.7 
1.1 
0.9 
2.0 
1.8 
1.0 
0.8 
0.8 
3.9 
2.2 
Glu 
1.1 
2.0 
1.2 
1.0 
1.1 
2.1 
1.1 
2.1 
2.1 
1.1 
Pro 
1.1 
2.0 
0.9 
2.0 
1.8 
1.1 
1.9 
3.8 
1.0 
0.9 
0.9 
Gly 
1.1 
1.1 
1.1 
1.0 
2.1 
1.3 
1.1 
Ala 
2.0 
0.9 
3.0 
3.2 
1.0 
Am 
Val 
1.9 
1.7 
1.0 
1.1 
0.9 
1.0 
1.0 
0.8 
1.0 
1.0 
2.1 
0.8 
ino acid 
Ile 
0.8 
1.0 
1.0 
1.0 
0.8 
1.0 
Leu 
1.0 
1.1 
1.1 
1.1 
2.0 
1.1 
4.2 
1.8 
Туг 
1.0 
1.0 
Phe 
1.1 
0.9 
1.0 
1.0 
1.0 
3.2 
Lys 
1.0 
1.1 
2.0 
1.1 
1.0 
3.0 
1.1 
1.0 
1.0 
2.9 
His 
1.0 
1.0 
1.0 
1.9 
Arg 
2.0 
1.1 
2.2 
1.0 
1.0 
1.0 
1.0 
0.9 
2.1 
0.9 
0.8 
0.9 
Trp 
σ> 
Sequence assembly 
Chymotryptic, thermolytic and staphylococcal protease peptides of aB^ and 
its cyanogen bromide fragments were used in order to obtain decisive informa­
tion for the alignment of the tryptic peptides. Amino acid compositions of the­
se peptides are given in Table 3. In fig. 7 the complete structure of 082 chain 
is shown, the tryptic peptides being arranged in the proper way by the over­
lapping peptides. 
The sequence assembly of aBp-CBl has already been discussed (8). The seque-
nator analysis of aBp-CBZ provided information for the overlap of T4 - T5 - T7 
- T8 - T9 - T10. This evidence combined with the compositions of T10-11 and 
Tm3 established the order from T4 to Til. This is in good agreement with the 
analyses and sequence determinations of C5, C6, C7, C8, Thl, Th2, ThS, SPI, 
SP2 and SP3. The junction Til - T12 is arrived at by the sequence of SP4 and 
the composition of C8. T13 follows T12 as is evident from the sequence of Th4 
and the analysis of C9. The order of T13 - T14 - T15 - T16 is established by 
the partial sequence of Th5 and affirmed by CIO and Cll. The T16 - T17 overlap 
has proven to be very critical since both chymotrypsin and thermolysin unex­
pectedly cleaved the Gin-Ala bond in T17 (C14 and Th8). In addition, however, 
we found C16 to comprise T16 - T17 - T18 - T19. The T17 - T18 - T19 connection 
is confirmed by the sequences of Th9, ThlO and C15. The C-terminal sequence 
T19-20, already discussed as TmlO, is in accordance with SP5 and C17. This com­
pletes the ordering of the tryptic peptides of αΒρ. 
Amide distribution 
Amides were usually established as the phenylthiohydantoin derivatives of 
glutamin and asparagi η. In the case of a few short peptides the mobility on pa­
per electrophoresis at pH 6.5 was used to determine the exact nature of DNS-GLx 
or DNS-Asx residues. In one case (Asn-80) the phenylthiohydantoin from a seque-
nator analysis was not in agreement with the same product of a manual Edman de­
gradation and the mobility of the preparatively isolated peptides at pH 6.5. 
Another amide (Asn-147) was also found in deamidated form. 
DISCUSSION 
The accumulated sequence evidence of аВ^» as shown in fig. 7, indicates that 
it is a single polypeptide chain of 175 residues, corresponding to a calculated 
molecular weight of 20.070. This is somewhat lower than the value of 22.500 ob­
tained by acrylamide gel electrophoresis in the presence of sodium dodecyl 
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Fig. 7. Proposed primary structure of the aB- chain of bovine a-crystaTl in . 
The overlapping peptides, determining the order of the t r yp t i c peptides, are 
indicated. The amino acid compositions of these peptides are given in Table 3. 
Sequences were established by the dansyl-Edman method ( — ^ ) and manual 
d i rec t Edman degradation ( — ^ ). 
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sulphate (14). We have recently demonstrated (24) that the addition of б M 
urea to the SDS acrylamide gel results in the same mobility for aB- and аА^» 
which has a molecular weight of 19.830 (7). The N-terminal sequence acetyl-Met-
Asp-Ile-Ala (25, 26) and the C-terminal lysine residue (27) have been establis­
hed previously. Partial sequences of aB- published by others (14, 23) before 
and during this study considerably deviate from the results presented here. 
Some of these discrepancies have already been discussed (8). The sequence of 
the N-terminal 16 residues of аВр-СВг reported by Augusteyn and Spector (14), 
differs in not less than seven places with ours. The discrepancy might be ex­
plained by the fact that these authors only used data from sequenator analysis, 
without additional evidence of amino acid analyses of peptides of various di­
gests from the corresponding part of the chain. 
Edman degradation with direct identification of the phenylthiohydantoin de­
rivatives, in principle, gives valuable results for amide assignments (28). 
Deamidation of amide residues during peptide isolation is known to be a common, 
though disturbing phenomenon. We encountered not only two readily deamidating 
asparagine residues (Asn-80 and Asn-146), but one of these (Asn-80) was even 
initially identified as an aspartic acid residue from the sequenator analysis. 
The possibility that this is a consequence of the double cleavage program used 
cannot be ruled out. 
As can be seen clearly from figs. 2 and 3 very short exposure to trypsin 
action at a sub-optimal temperature can prevent cleavage at sites extremely 
susceptible for latent chymotryptic activity, without a concomittant increase 
in the amount of uncieaved protein. The Lys-Gln bond in the sequence Arg-Lys-
Gln (149-151) was cleaved only to a limited extend, as is reported often for 
clusters of basic residues. Moreover peptide T17 without N-terminal lysine 
might give rise to cyclization of its N-terminal glutamine to pyrrolidone car-
boxylic acid and would easily escape detection when using ninhydrin staining. 
Surprisingly thermolysin and especially chymotrypsin cleaved the Gin-Ala bond 
in the same peptide rather efficiently. However, the necessary overlap in this 
region was provided by C16, isolated after a short (30 min) chymotryptic di­
gestion of aß-. Hydrolysis of CB2 with the staphylococcal protease seemed to 
be rather inefficient since only peptides from the N-terminal and the C-termi-
nal region of the chain could be isolated. Possibly this enzyme has less poten-
cy to recognize acid residues in more hydrophobic parts of the chain, especial-
ly in case of aspartic acid residues. The same observation can be made after 
the hydrolysis of the ribosomal protein S4 by this enzyme as reported by 
Ränboltand Schütz (29). Houmard and Drapeau (30) published that in Glu-Glu 
64 
Fig.8. Homology of the two major chains of bovine α-crystal lin. Identical residues are enclosed in rectangles. 
aA, 
aB, 
аА, 
aB, 
аА, 
аВ, 
аА. 
аВ, 
aA, 
аВ. 
ac-Met-Asp-Ile-Ala-Ile 
ac-Met-Asp-Ile-Ala-Пе 
Gin 
His 
10 
His-Pro-TrpfPhe-Lysj-Arg 
His-Pro-Trp Ile-Arg Arg Pro-Phe-Phe Pro-Phe 
10 
Thr-Leu-Glyj-Pro-PhejTyr-
His- Ser 
-20 
Pro-Ser-Arg-Leu-Phe-Asp-Gln-Phe-Phe-Gly-Gl u 
Pro-Ser-Arg-Leu-Phe-Asp-Gln-Phe-Phe-Gly-Glu 
30 20 
30 
-Gly 
-His 
Leu 
Leu 
aA, -Leu 
aB2 - l leAsp· 
Asp 
Phe 
Leu 
Ser 
Thr 
Glu 
Glu 
Туг 
Ser 
Asp-Leu 
Asp-Leu 
г 60! 
Gly 
Gly 
I l e Ser-Glu 
Leu· Ser-Glu 
Leu 
Phe 
Val· 
Met 
Pro Phe-
Pro 
40 
Leu-
Ala-
40 
Ser 
Ser 
50 
Ser-Thr-nefSer-Pro}Tyr{Tyr)- |-Arg-|G1n-
Thr-Ser-Leu Ser-Pro Phe Tyr l e u Arg Pro-Pro 
l
- 5 0 J 
Ser 
Ser 
Leu-Phe 
Phe-Leu 
•Arg 
Arg 
-Thr-Val-
Ala-Pro-Ser-Trp-
60 
Arg 
Arg 
Ser-Asp-Arg Asp Lys Phe- Val-Ile-Phe 
Leu-
70 
Glu-Lys Asp 
70 
Arg- Phe Ser-Val-Asn 
Leu 
Leu 
•Asp 
•Asn 
80 
-80 
Leu Val-Lys-His-Phe-Ser-Pro-Glu Asp 
•Val-Lys-His-Phe-Ser-Pro-Glu Glu Leu 
Thr-Val-
•Lys Val­
go1 
-Lys-Val 
-Lys-Val 
90 
Gin-Glu Asp 
Leu-GlyjAsp 
Phe-Val 
Val-Ile-'Glu· 
Glu-
Val 
100 
I le}His-
His-
100 
Gly-Lys-His 
Gly-Lys-His 
Asn Glu-Arg-Gln-Asp 
Glu Glu-Arg-Gln-Asp 
Asp 
Giu­
l i o 
•His-Gly 
His-Gly 
Tyr- 11e-Ser-Arg-Glu-Phe-His-Arg Arg 
•110-
Phe IIe-Ser-Arg-Glu-Phe-His-Arg 
120 
•Tyr-
Lys Tyr 
120 
-Arg -Leu -Pro 
-Arg I l e -Pro Ala-Asp 
Ser-Asnj-Val -AspfGl η-Ser -Al a 
Leu -Ala Val-Asp- Pro-
130 
130 
Leu-Ser-Cys Ser-Leu-Ser 
Ile-Thr-Ser-fSer-Leu-Ser 
Ala -Asp-Gly 
Ser Asp-Gly 
4 4 0 
•Het -Leu-Thr 
-140, 
•Val -Leu-Thr Val-Asn 
Phe-Ser Gly-Pro -Lys-Ile-Pro-Ser-Gly-
Gly-Pro •Arg-Lys-Gln 
150 
150 
-Val-Asp Ala Gly-His-Ser 
Ala Ser-Gly-Pro 
Glu-Arg 
Glu-Arg 
Ala 
Thr 
I l e 
I l e 
160-1 
•Pro- Val-Ser 
Pro 
160 
Arg-Glu-Glu-Lys-Pro-
Ile-Thri-Arg-Glu-Glu-Lys-Proj-Ala-
rl70 
-Ser-Ser Ala-Pro 
Val-Thr-Ala Ala-Pro Lys-Lys-COOH 
170 
•Ser-Ser-COOH 
sequences no cleavage occurred behind the first acid residue; in contrast we 
observed in two of three Glu-Glu sequences in oiBj a preferential splitting be­
tween the two residues. 
In fig. 8 the sequences of aA- and aB- are aligned in such a way that a 
maximum homology is displayed. To obtain this homology not less than 7 gaps 
had to be introduced on a total of 69 amino acid replacements between aA- and 
аВр. This ratio is very high as compared to other families of homologous pro­
teins; Dayhoff (31) calculates an average of 1 gap event per 42 amino acid re­
placements. The high degree of homology, 57%, can only be due to a common gene­
tic origin of the genes for oA^ and aB^. The aA- chain has been found to under­
go evolutionary change at a rate of about 1 percent in 40-50 million years (32). 
Assuming a comparable slow rate for the B2 chain, one might expect that the 
evolutionary event of duplication of an ancestral a-crystallin gene, resulting 
in the origin of the present-day аА2 and аВр genes, took place far before the 
vertebrates came into existence, which is roughly 450 MY ago (33). It is there­
fore to be expected that even the lowest vertebrates possess the genes for both 
the otAj and аВр. Moreover it would not be too surprising to find in invertebrate 
tissues proteins homologous to the vertebrate a-crystallin. 
Inspection of fig. 8 reveals that the homology is more conserved in certain 
regions than in others. Especially striking is the highly hydrophylic and ba­
sic region аВ- 101-121 corresponding to аАр 97-117. Future studies of the ter­
tiary and quaternary structure of a-crystallin and its structure-function rela­
tionship may well reveal the reason of such a conservation of the primary 
structure in certain regions. 
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SUMMARY 
In this thesis the elucidation of the primary structure of the two main po­
lypeptide chains of bovine ot-crystallin is presented. 
The latter protein is a main constituent of the structural lens proteins of 
5 
vertebrates. It is a high molecular weight aggregate (molecular weight 6.10 -
10 dalton) composed of the acidic aA chains and the more basic aB chains. 
Each of these occurs in two electrophoretic forms, of which one represents the 
primary gene product, designated as аАр and aB-, respectively. 
Chapter 1 is an introduction dealing with general aspects of the lens, the 
lens proteins and α-crystal lin. Chapter 2 gives a survey of certain features 
of sequencing techniques with some emphasis on automation. 
In chapter 3 the elucidation of the primary structure of the a-crystallin 
aA- chain is described. The complete structure has been established by deter­
mining the sequences of the twenty tryptic peptides and arranging these pep­
tides in the correct order. The o ^ chain comprises of 173 residues, accounting 
for a molecular weight of 19.800 dalton. 
Cyanogen bromide cleavage of the aB- chain yields two fragments. The se­
quence of the N-terminal fragment is given in chapter 4. The structure of the 
C-terminal homoserine containing peptide was determined with the solid-phase 
sequenator designed by Laursen (Sequemat, obtained from LKB). 
During the elucidation of the structure of the aB 2 chain, the hitherto ac­
cepted molecular weight value of 22.500 was found to be inconsistent with the 
results of the sequence studies. Molecular weight determinations described in 
chapter 5 point to a virtually identical molecular weight for both the aA« and 
aB- chains. 
Chapter 6 contains the complete sequence of the aB« chain. Part of the 
structure of the C-terminal cyanogen bromide fragment was obtained by degrada­
tion in an Edman and Begg sequenator. The аВр chain is composed of 175 residues 
and yields twenty peptides after tryptic cleavage. A high degree of homology 
between the аВр and aAj chains was observed, especially in certain regions. The 
overall homology of 57% indicates that the genes for the аАр and аВр chains 
must have originated by duplication of a common ancestral gene. 
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SAMENVATTING 
In dit proefschrift is de opheldering van de aminozuurvolgorde van de twee 
voornaamste polypeptide ketens van runder a-crystalline (cxAg en αΒ») beschre­
ven. 
Alpha-crystalline behoort tot een groep van structurele eiwitten uit de 
ooglens van vertebraten. 
Hoofdstuk 1 bevat een inleiding over de lens, de lenseiwitten en α-crystal­
line. Hoofdstuk 2 geeft een beschouwing over bepaalde technische aspecten van 
primaire-structuuropheldering waarbij ook aandacht is besteed aan automatise­
ring. 
In hoofdstuk 3 is de opheldering van de structuur van de aAg keten van 
a-crystalline beschreven. De volgorde werd bepaald via de sequenties van de 
twintig tryptische peptiden. De oAp keten bevat 173 residuen. Het moleculair 
gewicht is 19.800 dalton. 
Splitsing van de aB^ keten met cyaanbromide levert twee fragmenten op. Het 
onderzoek naar de sequentie van het N-terminale fragment van aBj is het onder­
werp van hoofdstuk 4. De volgorde van het C-terminale, homoserine bevattende 
peptide werd bepaald met de "vaste-drager" sequenator van Laursen (Sequemat). 
Tijdens de structuuropheldering van de oiBg keten bleek dat het tot dan toe 
aanvaarde moleculair gewicht van 22.500 niet in overeenstemming was met de re­
sultaten van het sequentie-onderzoek. De molecuulgewichtsbepalingen in hoofd­
stuk 5 duiden op een vrijwel gelijk moleculair gewicht voor de aA« en c ^ ke­
ten. 
Hoofdstuk 6 omvat de sequentiebepaling van de totale aB- keten. Voor een 
deel werd gebruik gemaakt van de Edman en Begg (automatische) sequenator. De 
аВр keten heeft 175 residuen en is opgebouwd uit 20 tryptische peptiden. Be­
paalde delen van de volgorde van 082 zijn sterk homoloog met die van oAj. De 
totale homologie is 57%. Dit wijst op de afstamming van een gemeenschappelijk 
voorouder gen. 
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S T E L L I N G E N 
1. Modifikatie van lysinepeptiden met behulp van hydrofiele derivaten van 
fenylisothiocyanaat, teneinde extraktieverliezen tijdens de Edman-degrada-
tie te voorkomen, kan de effektiviteit van de vaste-drager techniek moeilijk 
evenaren. 
Braunitzer, G.H., Schrank, В., Petersen, S. und Petersen, U. 
(1973) Z. Physiol. Chem. 354, 1563-1566. 
2. De huidige generatie ion-wisselaar chromatografen is zodanig geoptimaliseerd 
ten aanzien van analysetijd, gevoeligheid en resolutie, dat gaschromatogra-
fische analyse van eiwithydrolysaten, mede als gevolg van de gekompliceerde 
voorbehandeling van het monster, momenteel minder voor de hand ligt. 
Gehrke, C.W. and Takeda, H. (1973) J. Chrom. 76, 63-75. 
3. Bij gebruik van methylisothiocyanaat in plaats van fenylisothiocyanaat 
tijdens de Edman degradatie kan bij de afsplitsing van het am'linothiazolinon 
de reaktietijd aanmerkelijk worden verkort, waardoor ongewenste aspecifieke 
splitsing van de peptideband vermindert. 
Hagel, P. (1970) Proefschrift, Amsterdam. 
4. De door Addy et al. beschreven experimenten omtrent peptidesynthese met een 
carbodiimide in waterig milieu zouden aanmerkelijk aan overtuigingskracht 
winnen, wanneer de produktopbrengst als funktie van de precursors zou zijn 
gegeven. 
Addy, M.E., Steinman, G. and Mallette, M.F. (1973) Biochem. 
Biophys. Res. Comm. 52, 1034-1038. 
5. De door Nakashima et al. gepubliceerde struktuur van het gen 5 eiwit van 
bacteriofaag fd bevat verschillende onjuistheden; door publikatie van een 
erratum wekken deze auteurs de indruk dat de door hen gemaakte fouten zet­
fouten zouden zijn. 
Nakashima, Y., Dunker, A.K., Marvin, D.A. and Königsberg, W. 
(1974) FEBS Lett. 40, 290-292, 
(1974) FEBS Lett. Ή , 125. 
6. Bij de evaluering van de resultaten van de C-terminale volgorde bepaling 
van de α-crystal li ne αΒ« keten met behulp van carboxypeptidase С door 
Van Kamp wordt geen rekening gehouden met de mogelijkheid van een C-termi­
nale Lys-Lys volgorde. 
Van Kamp, G.J. (1973) Proefschrift, Nijmegen. 
7. De door Strydom et al. voorgestelde fylogenetische boom verkregen door 
computerevaluatie op grond van het vergelijken van cytochroom с sequenties 
van verschillende organismen, is in strijd met paleontologische en biolo­
gische gegevens. 
Strydom, D.J., Van der Walt, S.J. and Botes, D.P. (1972) 
Comp. Biochem. Physiol. 43B, 21-24. 
8. De waarde die Ogawa et al. opgeven voor de konversiesnelheid voor de R naar 
de Τ overgang in deoxy-des-Arg hemoglobine, is in strijd met hun konklusie 
hieromtrent, gebaseerd op flash-fotolyse experimenten aan CO-des-Arg hemo­
globine. 
Owaga, S., Patel, D.J. and Simon, S.R. (1974) Biochem. 13, 2001-2006. 
9. De experimenten van Rolleston en Mak betreffende de in vitro binding van 
polyribosomen aan endoplasmatisch reticulum geven geen uitsluitsel over het 
al dan niet specifiek zijn van deze binding. " 
Rolleston, F.S. and Mak, D. (1973) Biochem. J. 1 П , 851-853. 
10. Het lijkt niet de meest aangewezen strategie om de groei van tumoren te 
remmen met remmers van de RNA afhankelijke DNA polymerase (de z.g. reverse 
transcriptase). 
11. Het is niet in het belang van de inflatiebestrijding bouw en beheer van 
jachthavens te doen plaatsvinden door projektontwikkelaars. 
12. Om een hoog kritisch niveau te kunnen handhaven dienen onderzoeken van 
konsumentenorganisaties niet kritiekloos door de konsument te worden 
geaccepteerd. 
F.J.G. van der Ouderaa 
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